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We are taking orders for 


The BAILEY “505 FERMENTATION CABINET 


This all metal cabinet is the successor to the Des- 
patch Model #505 which has been on the market for 
some years. We have purchased the rights to manu- 
facture same and production is now under way. 


Model 2505 Fermentation Cabinet $1,458.00 


Model #505-1 Fermentation Cabinet with 
base and sliding work table $1,571.00 


Model #505-2 Includes refrigeration at extra cost 
PRICES—F.O.B, Lincoln, Nebr. 


We recommend and offer stainless steel interior and 
exterior @ $200.00 extra 


LINCOLN, NEBRASKA 
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the ROCHE REVIEW of 


enrichment requirements 
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Thiamine 
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Enriched BREAD. 
baked Products 


Enriched FLoug: 
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Enriched CORN 
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The maximum and minimum levels shown above for enriched bread, enriched flour, enriched 
farina, enriched macaroni, spaghetti and noodle products, enriched corn meal and corn grits are 
in accordance with Federal Standards of Identity or State laws. Act No. 183 of the Government of 
Puerto Rico requires the use of enriched flour for all products made wholly or in part of flour. This 
includes crackers, pretzels, etc. 

The levels for milled white rice are officially those of the Government of Puerto Rico. These levels 
are commonly accepted in U. S. domestic and export marketing and are based on the recommen- 
dation of the Committee on Cereals, Food and Nutrition Board, National Research Council. 
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HERE'S HELP FOR YOU. We hove reprinted the information in this odvertisement on a handy 3 «x 5 book-mork card. if 
you wish a quontity of this helpful resume for distribution to others in your organization, in teaching, or for your own 
files, please send your nome ond oddress to the Vitamin Division, stoting the number you need. 


VITAMINS FOR ENRICHMENT 


VITAMIN DIVISION - HOFFMANN-LA ROCHE INC.- NUTLEY 10, N. J. 


In Canada: Hoffmann-La Roche, Ltd., Montreal, Que. 
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A CHALLENGE 
to FLOUR CHEMISTS 


is what one might call that large portion of this year’s South- 


western wheat crop with the disastrously low loaf volume. 


Such wheat, by itself, does not produce a good enough flour 
for baking, and experiments have shown that little improvement 


is possible with oxidizing agents. 


Yet several hundred million bushels of this crop must be 


made into flour that can be baked. 


While the FARINOGRAPH shows the shorter mixing time 
and lower mixing tolerance, the EXTENSOGRAPH deter- 
mines, scientifically, the volume potentialities, the response to 
oxidizers, the blending capacities, and the results of corrections 


in milling procedure, of the new wheat. 


Both instruments will help the chemist to ferret out those 
lots of wheat with longer mixing time, more mixing tolerance 
and larger volume potentialities, which are required for blend- 


ing in order to produce a usable flour. 


While the EXTENSOGRAPH is an adjunct of the FARINO 
GRAPH, it is at least as important as the FARINOGRAPH 


in the determination of the baking value of flours. 


You do not have to purchase these instruments in order to 
use them. They are available on small monthly payments- 
all applied to the cost—and with the privilege of stopping pay- 


ments and returning them at any time. 


BRABENDER CORPORATION _ Rochelle Park, N.J. 
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OF 


ATIONAL 
Dppes bakers who gfe leaders 
n their communffies with a 
COMPLETE LIN OF ESSENTIAL 
BAKER® PRODUCTS 


NATIONAMMBAKERS COMPRESSED YEAST 

WATIQAAL ACTIVE DRY YEAST 
ONAL BAKING POWDER 

ATIONAL BAKING CREAM 
NATIONAL BAKERS MALT SYRUP 
NATIONAL BAKERS ORY MALT 
NATIONAL ENRICHMENT TABLETS 
NATIONAL YEAST FOOD 
NATIONAL GETZ FRESH 
NATIONAL 7-in-1 


ARMOUR CLOVERBLOOM FROZEN WHOLE EGGS 
ARMOUR CLOVERBLOOM FROZEN EGG WHITES 
ARMOUR CLOVERBLOOM ARMTEX 

ARMOUR CLOVERBLOOM SUGARED YOLKS 


ARMOUR ORI PUFF 


NATIONAL ) YEAST CORPORATION 


FRANK J. HALE , President 


EXECUTIVE OFFICES: N.Y. SALES OFFICE: CHICAGO SALES OFFICE: 
Chenin 45-54 37% Sweet Pere Ou 
Mew Yor. MY Leng istond City, MY. 35 Wecker Drive 

PLANTS: Belleville, Crystal Lote, 
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SHORTENINGS 
YOU CAN DEPEND UPON 


PRIMEX B&C 


An all-hydrogenated vegetable oil shortening of 
exceptional stability. Excellent for all deep fry- 
ing purposes. Preferred by biscuit and cracker 
bakers, manufacturers of prepared biscuit, pie 
crust, and doughnut flours, and makers of other 
food products where rancidity troubles are to be 
avoided. 


SW EETEX 


The “High-Ratio” shortening. Especially de- 
signed to permit bakers to produce “High-Ratio” 

cakes, icings, and sweet yeast goods with superior 
eating and keeping qualities. 


NUTEX 


An all-hydrogenated vegetable oil shortening 
combining the exceptional stability of Primex 
B&C and the “High-Ratio” properties of Sweetex. 
A top quality shortening manufactured for use 
in prepared cake, yeast raised doughnuts and 
sweet yeast dough, and icing mixes. 


PRIMEX 


The all-hydrogenated shortening “that sets the 
quality standard.” A top grade shortening espe- 
cially recommended for doughnut frying, for 
pies, cookies and bread, and for other shortening 
purposes. 


PROCTER & GAMBLE 


Branches and warehouses in principal cities 


General Offices ... CINCINNATI, OHIO 
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Here’s a fast, economical method 
of detecting internally infested grain 


No longer need millers guess about grain infesta- 
tion! With the GE Grain Inspection Unit, you can 
determine the exact amount and growth status of 
internal infestation. And you can do it fast . 
economically .. . without highly skilled personnel. 

X-ray shows implantation, larvae, pupa and ma- 
ture insects ready to emerge. There’s no elaborate 
sct-up required, Just plug the completely sclf-con- 
tained unit into any convenient outlet . . . spread 
up to a 200-gram sample on the tray. . and push 
a button. Simple, pre-set controls regulate all ex- 
posure factors. Developing of resultant x-ray film 
is routine. 

You can get complete information on this new 
x-ray method of grain inspection from your GE 
x-ray representative. For descriptive literature, w rite 
to X-Ray Department, General Electric Company, 
Milwaukee 1, Wisconsin, Room AV-11. 


GENERAL ELECTRIC 


Radiograph of an infested wheat 
sample, section enlarged three times. 
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DOUBLE ASSURANCE 


of Clean Grain 
and Highest Quality 
Products ... 


The “ENTOLETER” Scourer-Aspirator is the latest 
improvement in mill equipment for dry cleaning 
grain. 


This equipment cleans grain in addition to the normal 
“ENTOLETER?” function of destroying all forms of 
insect life. It eliminates insect fragments, rodent 
excreta and other contamination. After the grain 
passes through the “ENTOLETER” Insect De- 
stroyer, it is thoroughly scoured in a whirling “tor- 
nado” action, and receives uniform aspiration at the 
most vital point. 


While the light debris is in a state of suspension, dis- 
lodged from the grain, it is caught by suction and car- 
ried into the dust collector and on to feed. 


Write for test data indicating the effectiveness of this 
equipment in actual mill operation. ENTOLETER 
DIVISION, The Safety Car Heating and Lighting 
Co., Inc., 1153 Dixwell Ave., New Haven 4, Conn. 


CENTRIFUGAL MACHINES 


CONTINUOUS INSECT CONTROL SYSTEM 
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Of Commanding Interest 
Yeas 


By far the most advanced laboratory balance ever offered the chemist. 
All-metal non-magnetic case gives ruggedness and durability, longer- 
lasting sensitivity than ever before. New functional beauty... new 
ease of operation .. . new resistance to corrosion in all parts. 


Chainomatic Model AB-2—200 grams capacity, 1/20 mg sensitivity. 
(Illustrated above.) 
Catalog No. 2-596... . ... $410.00 


Write us for technically complete literature and prices on this and 
other models now available for immediate delivery. 
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A. J. GRINER COMPANY 


% 1827 McGee St. Kansas City 8, Mo. 


Laboratory Apparatus + Chemicals 
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| SIMPLIFY YOUR ROUTINE ANALYSES with the 


| Spectrophotometer 


No. 29800, price 
with phototube of 


itivity 320 ¢ The de velopment of 
the Beckman Model makes available a precision spectro- 
700 millimicrons, photometer in the low price field . . . one that will complete in 


3707° minutes the complicated analyses usually requiring hours to 


perform by standard chemical procedure. This unit combines 
high resolution, wavelength and photometric accuracy, free- 
dom from stray light, wide spectral range and excellence of 


No. 29806 inter- construction. 
changeable photo- It features direct reading absorbance and transmittance scales: 
tube assembly, red complete elimination of stray light from 360 to 1000 millimi- 


crons; interchangeable phototubes for wider wavelength range; 
inexpensive sample cells; 4 position cell carriage 


sensitive, 400 to 


1000 millimicrons, 
$42.50 extra Write today for full details about the time and money saving 
applications of this modern instrument. 


CENTRAL SCIENTIFIC COMPANY 
»U 1700 IRVING PARK ROAD © CHICAGO 13, ILLINOIS 
— CHICAGO NEWARK BOSTON WASHINGTON DETROIT SAN FRANCISCO 
SANTA CLARA LOS ANGELES TORONTO MONTREAL VANCOUVER OTTAWA 


Refinery Supply Compony Tulsa Houston 
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DIGESTION 
CATALYST 


| For Nitrogen Determinations In Kjeldahl Tests 


KJELDAHL-WILFARTH-GUNNING METHOD 
D-C TAB No. 3 
HgO +K,SO, 


Two Tablets supplies the catalyst in- 
gredient and K.SO, in the quantity 
and proportion as specified by the 
A.O.A.C. for the analysis of protein 
by the official Kjeldahl-Wilfarth- 
Gunning Method. (Formerly K-G-A) 


GUNNING METHOD 
D-C TAB No. 2 
CuSO, + K,SO, 


One Tablet supplies the catalyst ingre- 
dient and K.SO, in the quantity and 
proportion as specified by the A.O. 
A.C. for, the analysis of protein by 
the official Gunning Method. 


Write For Samples 


ADvERTiseD ON LABORATORY LETTERHEAD 


MEDICAL 
Association 
ADVERTISED 
IN THE 
Journal of the 
Association of Official 
Agricultural Chemists 


Produced under the supervision of 
a pharmaceutical chemist. Each 
batch is analytically tested and 
recorded for uniform results. 


Packed for your convenience 
225 D-C Tabs per container. 
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Modern “Kjeldahl” Apparatus 
can mean a lot to your Laboratory. 


Perhaps this year is the time to figure on new apparatus 
for protein determinations. Do you need more capacity? 
Do you need the new features which save time and money 
—not to mention the chemist’s temper. 

If so, come to ‘The Kjeldahl People’? where Kjeldahl 
manufacture has been a specialty for almost 25 years. De- 
liveries are still relatively prompt and perhaps we can 


suggest just the solution for your problem. 


Write for Kjeldahl Brochure—today 


LABORATORY CONSTRUCTION COMPANY 


1113-1115 Holmes Street, Kansas City, Missouri, U.S.A. 
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EFFECT OF VARIETY ON THE MILLING AND BAKING 
QUALITY OF BREAD AND DURUM WHEAT 
FLOUR BLENDS'? 


R. H. Harris, L. D. Stppitt, and G. M. Scorr * 


ABSTRACT 


Durum wheat was more difficult to mill than bread wheat, particularly 


hard red spring varieties, and the flour had higher ash content. For baking, 


durum flour produced loaves of inferior volume, grain and texture, and 


crumb color. The absorption was also lower than for hard red spring wheat 


but better than for soft white wheat. Kubanka was best among the durums 


and also superior to Golden except for crumb color. In mixing properties 


the durum flours generally were markedly inferior to hard red spring flours; 


however, Kubanka was much better than the other durums. In diastatic 


activity they were greatly above the others. 

When blended with hard red spring wheat flour by variety, durum 
flour tended to decrease baking quality significantly above 20%, and mixo- 
gram properties above 50°, concentration. For Golden there was gen- 


erally no change in loaf volume except with Kubanka which consistently 
improved the loaf volume. Durum flour generally improved the mixogram 
pattern of Golden flour even when present in relatively minor proportions, 
the loaf volume with Kubanka exceeding that of the original flours. The 
diastatic power of the blends increased directly with durum concentration. 


Harris and Sibbitt (4) have briefly reviewed the literature on the 
baking quality of durum wheat flour. These reports revealed that 
durum flour is utilized to some extent in breadmaking, particularly in 
Europe, although laboratory tests showed that it usually produces 
more yellow and smaller loaves than bread baked from bread wheat 


flours alone. The same characteristics are found to a lesser extent in 
bread made from blends of hard red spring and durum wheat flours. 
The ash content and diastatic activity are higher in durum wheat 
flour, because of the severe grinding required in milling. Durum flour 


was also used for making experimental biscuits and rolls, producing 
more yellow products than those made from vulgare wheat flour 


! Manuscript received April 14, 1952. 
2 Published with the approval of the Director of the Station 
3 Department of Cereal Technology, North Dakota Agricultural Experiment Station. 
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EFFECTS OF VARIETY 


Harris and Sibbitt found that durum flour below a concentration 
of 20°% in blends with vulgare wheat flour did not decrease loaf volume 
or affect mixing requirements, and crumb color was not greatly im- 
paired. Durum flour increased absorption and loaf volume when 
blended with low protein English wheat flour. The effect of specific 
varieties of bread and durum wheat was not studied by these workers, 
and the present paper discusses this problem. 


Materials and Methods 


The tlours were experimentally milled on the Allis-Chalmers mill 


from pure varieties grown at Langdon, North Dakota in 1950. All 
samples were sound and free from damage. ‘Table I shows the varieties 


and their wheat characteristics. 


| The three hard red spring wheats are all widely grown in North 


Dakota, while for the durum, Mindum and Stewart are the more 


important in acreage. Nugget is probably the best in macaroni-making 
quality; Kubanka was one of the first of the durum varieties grown for 
macaroni-making, while 308 is a newer hybrid with good agronomic 


features but inferior in macaroni quality. These wheats cover a wide 


range in macaroni quality. All were exceptionally low in protein con- 


tent because of weather conditions in 1950. The varieties are repre- 


sentative of those potentially useful. 


The cleaned wheats were milled by the procedure described by 


Sibbitt, Scott, and Harris (7). One of the series of blended wheats 


was also milled without attempting to produce uniform low grade 


standard flour to discover what effect this procedure would exert on 


flour vields with varying proportions of durum wheat. The flours 


were baked by the micro malt-phosphate-bromate method (Geddes 


? 


and Aitken, 3) with 5°, sucrose. Methods of analysis for protein, 


ash, moisture, and diastatic activity have been described (1). 


The durtim flours were blended with the hard red spring and white 
wheat flours at the following concentrations: 10, 15, 20, 25, 50, and 
75°; by weight of the total flour in the blend. 


Results 


Villing. Table I gives miscellaneous data on the wheats and the 
flours which were experimentally milled from them. The test weights 
were all rather high, with Kubanka being the lowest. Vitreous kernel 
content was slightly higher for the hard red spring varieties. The 
protein content was lower than might be anticipated for all samples 
except Golden. Flour yields did not differ greatly, although Stewart, 
Carleton, and Golden were lowest. For ash, the bread wheat flours were 
markedly lower, as would be expected from their milling characteristics. 


422 — 
| 
— 
| 
| 


Nov., 1952, R. H. HARRIS, L. D. SIBBITT, AND G. M. SCOTT 423 


TABLE I 


PROTEIN CONTENT, MILLING, AND MISCELLANEOUS DATA FOR 
THE WHEAT VARIETIES 


(Arranged in order of decreasing total flour yield within class) « 

| | Protein 

| | | ( Flour Yield 

Wheat | Flour | Total 
Bread Wheats 
Rival 60.3 |}1HDNS; 90 | 12.5 | 11.6 | 71.4 | 3.0 | 74.4 | 0.43 7 

Mida 62.1 |} 1HDNS 90 12.2 | 11.3 | 70.4 2.9 | 73.3 | 0.41 
Cadet 60.6 |1HDNS 90 11.9 | 11.0 | 69.4 3.4 | 72.8 | 0.43 


HRS average 61.0 


Golden 59.2 


Durum Wheats 


0.60 


Nugget 62.0 |} 1 HAD 80 | 11.6 | 10.6 | 71.0 | 5.1 | 76.1 

308 | 60.4 |1HAD | 85 11.3 | 10.4 | 70.8 | 5.0 | 75.8 | 0.65 
Kubanka 58.5 2HAD | 80 12.7 | 11.7 | 69.6 3.9 73.5 | 0.70 
Mindum | 60.3 |1HAD | 80 | 11.7 | 10.7 | 69.3} 3.1 | 72.4 | 0.65 
Carleton 59.8 2HAD | 80 11.0 10.0 | 66.9 3.3 70.2 | 0.66 
Stewart | 60.1 1HAD | 80 11.2 | 9.8 | 66.0 | 3.6 | 69.6 | 0.67 

Durum average; 60.2 11.6 | 10.5 | 68.9 4.0 72.9 | 0.66 


aurum, 
moisture basis. 


TABLE II 
Harp Rep SPRING 


Data For BLENDS OF AND DuruM WHEAT 


Flour Yield 


- - Milling 


Blend lime4 
| | | | | | 
HRS! 100, durum 0 69.0 0.41 3.0 68.6 | 040 3.1 28 
HRS 90, durum 10 68.9 0.43 3.3 69.1 0.42 3.4 29 
HRS 85, durum 15 69.1 0.44 3.4 69.3 0.42 3.0 29 
HRS 80, durum 20 67.5 0.42 4.0 69.7 | 0.46 3.0 31 
HRS 75, durum 25 66.4 0.46 6.3 68.2 | 045 | 3.1 32 
HRS 50, durum 50 66.7 0.51 5.3 68.5 0.53 3.1 3 


n regular flow sheet. 
milling pr lure, extra reductions if required to produce uniform low gra 
14.0°% moisture basis. 


le standard. 


| 
ha = 
ee | - 12.2 | 11.3 | 70.3 | 3.1 | 73.5 | 0.42 ee 
| 
es | 2 Hi\\ 85 8.7 7.3 | 65.4 | 2.6 | 68.0 | 0.39 
1HDNS = heavy dark northern spring. | tet 
HW hard white 7 
2 Expressed on 14.0°) m 
| | 
ak 
- 
1 HRS = hard red spr 
2 No milli 
4 
Standard 
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Table II shows the flour yields obtained from milling the hard red 
spring and durum wheat blends by the two procedures. For the 
regular millings, yield of long patent flour tended to decrease as the 
proportion of durum increased, with the result that the total flour 
yield remained approximately constant. When the blends were milled 
to a low grade flour standard, there was no consistent change in flour 
yield, but the milling time increased with durum wheat content. 


TABLE III 
BAKING DATA FROM THE ORIGINAL PATENT FLoURS 
(Arranged in order of decreasing loaf volume within class) 


Loat Grain and Crumb 


Volume Texture! Color? 


Wheat Variety \bsorption 


Bread Wheats 


Mida 205 
Cadet 200 
Rival 195 
HRS average 5. 200 


Golden M4. 135 5.0 C&O 


Durum Wheats 


4 
2 
2 
1 


o 


6.0 

5.0 C&O 
4.0 C&O 
5.0 C&O 
4.0 C&O 
3.0 C&O 


Kubanka 
Carleton 
Stewart 
Mindum 
308 
Nugget 


> 
~ 


= 
= 


tw 


4.5 


Durum average 
! Grain_and texture: C = coarse; O = open... . Perfect score 10.0 
*? Durum loaves were demoted largely because of deep yellow color; little grayness apparent 


1 satisfactory; D = dull; P = pale 
mmetry: all loaves were overoxidized . . . . Perfect score 5.0. 


Baking Results from Original Flours. Table Il] shows the baking 
data from the original bread and durum wheat flours. Cadet and 
Rival had the highest absorption while Mida was significantly lower. 
Golden had the lowest absorption of all the wheats, with the durum 
varieties being intermediate between the hard red spring and Golden. 
There was little difference among the hard red spring wheat varieties 
in loaf properties, except crumb color, where Mida was much better 
than Rival. Golden was lowest of the bread wheats in all respects. 
The durums were markedly inferior to the springs in all factors except 
crust appearance, while Kubanka, the best among the durums, was 
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superior to Golden in loaf volume, grain and texture, crust and sym- 
metry. Nugget was the poorest in all baking characteristics. ; 
Absorption and Crumb Color. Figure 1 represents the effects of : 
increasing amounts of durum wheat on the flour absorption and crumb 
color of bread and durum flour blends. For absorption of the hard 
red spring and durum flour blends, there was a decrease of approxi- 
mately 1°% following the addition of 10°% of durum flour. At 15° 
of durum, the absorption decreased another 1° % to 63.8°¢, the decrease 


HRS 

z 
a 
« 
2 
GOLOEN 
a 

HRS 

5-0 

L 1 l l l 1 1 i l 
° 20 40 60 80 100 


DURUM IN BLEND % 
Ficure 1. Effect on absorption and bread crumb color of increasing proportions of durum flour 
blended with hard red spring and Golden flours. 
continuing to 57.5°% for 100°; durum flour. * For Golden, the initial 
value of 54.8; increased to 55.1°% for 10°; durum flour, then became 
58.3°, at 75°% of durum flour. Crumb color decreased gradually with 
both bread wheat flours as durum flour was added, with the spring 
wheat blends yielding generally the best results. 

Loaf Volume. In Table IV are the loaf volumes of the blends for 
each wheat variety shown as the average obtained when baked with 
members of the other class. Loaf volumes of the unblended flours are 
included to facilitate comparisons. In the last column are average 
loaf volumes from all the blends for each variety. Little difference is 
evident among the hard red spring wheats in blending quality, but 
naturally Golden is much lower. The hard spring wheat flours can 
carry between 20 and 25°% of the durum varieties with only a slight 
decrease in loaf volume and crumb color (Fig. 1). At 50°; of durum 
flour, a significant decrease in loaf volume and crumb color occurred; 


at 75°, of durum flour, these properties are still better than for the 
100°% durum flours. 
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TABLE IV 
MeAN Loar VOLUME OF THE ORIGINAL AND BLENDED VARIETIES 
(Varieties arranged as in Table III 


Durum in Blends, % 


Varietal 
Means, 
| All Blends 


Original 
Flour 


Variety 


10 | 15 20 25 50 75 


ce. co | cc. ce. | ce. | ce. ce. | 
Mida 205 192 185 183 | 180 166 | 151 | 176 
Cadet 200 197 192 | 187 186 170 159 | 181 
Rival 195 192 191 | 187 182 172 ist | 179 
Golden 135 137 136 135 132 132 131 134 
Kubanka 145 181 181 181 179 175 165 177 
Carleton 125 179 174 171 169 160 149 | 167 
Stewart 125 177 175 171 170 162 146 167 
Mindum 120 181 176 172 169 155 144 166 
308 115 181 176 174 167 159 147 168 
Nugget 90 176 172 170 166 149 132 161 


Blend average 145 179 176 
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For the durums, Kubanka is the strongest and vielded the best 
loaves with all bread wheats. With Golden, Kubanka increased loaf 
volume from 135 cc. to a maximum of 165 cc. when the blend contained 
75°; of WKubanka flour. Apparently the mixing of the two wheat 
flours mutually improved their baking quality since the calculated loaf 
volumes for the 50°% and 75°% blends were 140 and 143 ce. respectively. 
This may be further evidence of the complementary effect of flour 


blends suggested by Merritt and Geddes (6). For the other durums 


there was little change in loaf volume with Golden, except for Nugget, 
where the 75°; blend value was 110 ce. 
Loar Vo_uMe or BLENDS oF FLouRS FROM KUBANKA AND NUGGET WITH GOLDEN 


Durum in Blend, % 


50 150 150 155 165 145 Kubanka 
3 13 120 110 00 = Nugget 
Generally for the hard red spring wheat flours there was a gradual 
decline in loaf volume following the addition of durum wheat flours. 
No similar trend was apparent for the blends with Golden, where there 
was a decrease of only 4 ce. with 75° of durum flour. With Kubanka, 
the results were more favorable than for the other durum varieties as 
shown below. Clark and Martin (2) and Mangels (5) also found 


Kubanka best among durum varieties in baking quality. Since, as 


previously noted, the durum varieties were abnormally low in protein 


content, their effect on loaf volume in the blends with a weak flour was 


less than would normally be expected. 
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Loar VoLUME oF BLENDS OF FLOURS FROM KUBANKA AND NUGGET 
witH HARD RED SPRING 


Durum in Blend, % 


Durum 
Variety 


cc. 


200 193 192 88 1 165 | Kubanka 
200 190 185 182 : 15 140 Nugget 


Table V shows an analysis of variance of the loaf volume of the 
blended flours. As anticipated, the bread wheat varieties exerted the 
greatest effect on loaf volume, chietly because of the poor baking 
quality of Golden. Differences in the proportions of hard red spring 
and durum wheat had the second greatest influence on loaf volume. 


TABLE V 
\NALYSIS OF VARIANCE OF Loar VoLUME Data 
Degrees ot 
Source of Variation Freedom Variance! 


Bread varieties 18544.9 
Durum varieties : 650.7 
Blends 3433.2 


Interaction: 
Bread & durum varieties 
Bread varieties & blends 
Durum varieties blends 
Bread X durum varieties & blends 


131.2 
269.8 
59.6 
16.5 


= 


Total 


All variances attained significance at the 1°) point when tested by the appropriate error. 


Among the interactions, the bread wheat varieties again had the great- 
est effect because of the poor strength of Golden. It is also apparent 
that the bread wheat varieties have a differential reaction with the 
durums, that is, all the bread wheat and durum varieties do not have 
the same effect on loaf volume as the proportion of durum flour is 
increased. Thus, variety has a significant effect on loaf volume for both 
bread and durum flours when they are blended in various proportions. 

Diastatic Activity. Figure 2 provides information on the diastatic 
activity of the original, unblended flours. The durum flours are mark- 
edly higher in activity than the bread wheat flours, as would be 
expected, since durum wheats require more severe grinding during 
milling. The comparatively new variety, Nugget, is highest of all, 
while Kubanka is the lowest among the durums. The intermediate 
position of Kubanka corresponds with its baking quality. There are 
no marked differences between the other four durum varieties. For 
the bread wheat flours, Cadet and Rival are highest, but the difference 
between them and the other two varieties seems scarcely significant. 
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The effect on diastatic activity was determined by adding durum 
to hard red spring wheat and milling the blend by two methods. As 
might be expected the effect was additive, showing that the diastatic 
activity of bread wheat flours can be markedly increased by addition 
of durum in the mill mix. Although the durum flour milled by the 
regular method appeared to yield lower activity between 20°) and 
50°, concentration, at 100°; the results were identical. 


MAL 


ACTiviTY, MG 


OIlASTATIC 


GOLOEN 
CADET 
STEWART 
NUGGET 


Y RIVAL 
4, 


KUBANKA 
CARLETON 


a 


Ficure 2, Diastatic activity of the original flours milled from hard red spring, Golden, 
- - and durum wheats. 

Mixograms. Figure 3 shows the mixing requirements of some rep- 
resentative blends of hard red spring and durum wheat flours. The 
addition of durum flour did not materially affect the pattern until a 
50°% blend was attained. Further increase of durum flour caused a 
weakening of the mixogram, which approached the characteristics of a 
durum flour curve. Kubanka produced substantially the best curve 
among the durums, while Nugget was very poor, with little dough 
development. 

Figure 4 similarly represents the mixogram patterns of the Golden 
and durum wheat flour blends. For the bread wheat flours, Golden 


produced the weakest mixogram, as would be expected. It was mark- 
edly inferior to the pattern yielded by Kubanka and slightly inferior 
to that of Stewart and possibly Nugget. As the proportion of durum 
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im BLEND % 
FiGure 3. Effect on mixogram pattern of adding flour milled from different varieties of durum wheat 
to a representative hard red spring wheat flour. 
increased, the strength of the curves also improved, with Kubanka 
exerting the greatest effect. As for the hard red spring wheats, the 
influence of the durum flour became evident at 50°% of durum flour ex- 
cept for Kubanka, which strengthened the curve at 25°% concentration. 

Durum Flour Bleaching. Flours milled from Carleton and Kubanka 
were bleached with 0.14 g. of a commercial preparation of benzoyl 
peroxide, and matured with 0.12 g. of ammonium persulfate per 1 Ib. of 
flour and blended immediately before baking at 10 and 25% concen- 
trations with unbleached flours from Mida and Golden. Table VI 
shows the resultant data. For Carleton, bleaching and maturing did 
not improve loaf volume, but did slightly raise the grain and texture 
score, and considerably increased crumb color. For Kubanka, this 


OURUM IN BLEND % 


Ficure 4. Effect on mixogram pattern of adding flour milled from different varieties of 
durum wheat to weak flour. 
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PrABLE VI 


Errect OF BLEACHING DuRUM FLOUR ON THE BAKING PROPERTIES OF 
BREAD AND DuRUM WHEAT FLouR BLENDS! 


\bsorption Wolo Grain and Texture? Color 


Bl 


Mida, 100°; 64.0 200 8.5 9.0 

With Kubanka, 90/10 63.2 63.2 199 190) 8.0 8.0 8.5 90 
With Kubanka, 75/25 61.2 | 61.2) 185 | 180 | 7.5 8.0 80 | 9.0 
With Carleton, 90/10 63.2 63.2. 190 195 | 8.0 8.5 8.0 90 
With Carleton, 75/25 61.2 61.2) 185 | 180 | 7.5 8.5 7.5 9.0 


Golden, 100% 54.8 140 £.5 C&O UP 

With Kubanka, 90,10 §5.2 | 55.2) 145 | 150 | 4.5 C&O | $.5C&O | 7.0 | 7.5 
With Kubanka, 75/25 55.6 | 55.6; 150 | 155 | 4.5C&O | 5.5 C&O |6.5 | 7.5 
With Carleton, 90/10 55.2 | 55.2} 130 | 135 | 4.5C&O | 4.5C&O | 7.0 | 7.5 
With Carleton, 75/25 55.6 55.6 120 135 4.5C&O | 4.5CX&O 6.5 | 7.5 


Kubanka, 100% 


Carleton, 100% 


\verages 
(W ithout bread flours) 


itn unbleached; Bl bleache« 
?(srain & texture; ( coarse, O open Pertect score 10.0. 
Crumb color = yellow Perfect score 10.0. 


treatment improved loaf volume, grain and texture, crumb color and 
symmetry. Bleaching increased the blend loaf volume little or none, 


but improved crumb color significantly and grain and texture slightly. 
There was no effect on absorption. 
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MILL SANITATION STUDIES. I. RELATIVE 
SUSCEPTIBILITIES OF MILL STOCKS TO 
INFESTATION BY THE CONFUSED 
FLOUR BEETLE! 


B. N. SMALLMAN ? and S. R. Loscutavo 


ABSTRACT 


Assessments were made of the relative susceptibilities of three grades 
of each of four principal mill stocks to Tribolium confusum on the basis of 
the criteria: mean time for larval development; survival of larvae; number 
of progeny produced; mean time to produce progeny; and survival of adults, 
Combinations of these criteria in the form of Stanley's environmental index 
facilitated comparisons of the abilities of the stocks to support 7. confusum. 

The productivity of 7. confusum was significantly greater on tailings 
and low-grade flours than on middlings or break stocks. However, adult 
survival during 6 months was high on middlings and break stocks, and low 
on tailings and low-grade flours. The productivity of 7. confusum was 
different on different grades of the same stock except on tailings stocks, all 
grades of which favored high productivity. ‘Tailings stocks and 3rd low- 
grade flours supported the production and development of the insect at 
about four times the rate of production on Ist-break stock, and three times 
the rate on 2nd middlings. No simple relationship is apparent between 
the productivity of 7. confusum and the chemical and physical composition 
of mill stocks. 


In many types of milling machines, small quantities of the stock 
passing through the machines become lodged and available for the 
establishment of insects. The conditions of temperature and humidity 
in these machines are generally close to the optimum for insect pests 
of cereal products; hence, if the lodged stock is a favorable food, estab- 
lished insects will multiply rapidly and form a nucleus of infestation 
from which insects may spread to other parts of the milling system. 
Mill stocks differ widely in their nutrient and physical compositions, 
and the confused flour beetle, 7ribolium confusum Duv., a common mill 
insect, is known to be sensitive to such differences (1,3). Accordingly, 
some mill stocks would be expected to favor the development of insect 


infestation more than others. Knowledge of the productivity, devel- 
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opment, and survival of insects on a variety of mill stocks would enable 
millers to anticipate where infestations are most likely to become 
established, and to concentrate control measures at such places. 

This study was designed to evaluate the relative susceptibilities of 
principal mill stocks to 7. confusum. The criteria used to assess 
susceptibility were the productivity, development and survival of the 
insects; initial preference of the insects for the mill stocks was not 
studied. ‘Therefore, the study yields information on the ability of the 
various mill stocks to support the reproduction and development of 
insects which became established in them by choice or by chance. 


Materials and Methods 


Three grades of each of four mill stocks were selected! The 
common mill designation and the analysis for each grade are shown in 
Table |. Samples of each grade were taken from regular mill streams, 
and 125-mil. aliquots of these samples contained in half-pint ‘‘Sealrite”’ 
cartons were used for all tests. Before introduction of the insects, 
the stocks were conditioned for 7 days at 27°C. and approximately 
75°, relative humidity, and all tests were conducted at this tempera- 
ture and humidity. 


TABLE I 
DESIGNATION AND ANALYSIS OF MILL Stocks 


Per Cent of Stock Retained (+) or 
Through ( —) Sizing Screens 


+24W 


+10XNN 


Ist Break 14.3 1.92 ) 86 2.44 86.0 7.5 2.5 1.0 
jrd Break 15.2 2.80 1.68 3,28 54.0 15.0 11.0 20.0 
4th Break 15.8 4.52 8.36 4.70 67.0 15.0 3.5 14.5 
2nd Middlings 11.3 O41 0.20 0.96 0.0 90 18.0 $3.0 
3rd Middlings 11.9 0.49 0.28 1.03 0.0 7.0 46.5 46.5 
5th Middlings 11.9 0.56 0.32 1.44 0.0 25 $2.0 53.5 
Ist Low-Grade 11.5 0.57 0.32 1.03 0.0 1.0 26.0 73.0 
2nd Low-Grade 13.4 O.81 0.50 1.74 0.0 6.5 31.5 62.0 
3rd Low-Grade 12.8 1.00 0.79 1.58 0.0 16.0 $2.5 41.5 
Germ Tailings 15.4 2.90 3.35 4.88 46.5 30.5 8.5 14.5 
Ist Tailings 12.8 1.82 2.12 3.04 5.0 46.0 18.0 31.0 
4th Tailings 12.8 1.20 1.03 1.82 0.0 0.5 49.0 30.5 


The susceptibilities of the various stocks were assessed on the basis 
of the following criteria: mean time for larval development; survival 
of larvae; number of progeny produced; mean time to produce prog- 
envy; survival of adults. Duplicate determinations were made for 


each criterion on each of the 12 mill stocks. 


# Courtesy of the Ogilvie Flour Mills, Winnipeg, Canada, 
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Larval development and survival were determined by rearing 50 
larvae, 0-1 days old, on duplicate samples of each stock. Seventeen 
days after the larvae were placed on the stocks, daily examinations 
for pupae were begun, and these were continued until all surviving 
larvae had pupated. ‘The number of pupae recovered at each exami- 
nation was recorded, and the pupae were removed from the stock. 
The total number of pupae recovered yielded the data on larval sur- 
vival, and the daily record of larvae reaching pupation provided the 
data for calculation of the mean time for larval development. 

The number of progeny produced was determined by introducing 
25 males and 25 females, 0-5‘days old, into duplicate samples of each 
stock for a conditioning period of 14 days and then transferring them 
to fresh samples of the same stock, where they remained undisturbed 
for 30 days. The adults were then removed. Progeny resulting from 
reproduction of the adults during the 30-day period were recovered 
as they reached the pupal stage; recovery at any earlier stage was 
impossible in the coarser stocks. The pupae were counted and removed 
from the stock at 4-day intervals. The total number of pupae recov- 
ered from each stock gave the number of progeny produced; the mean 
time to produce the progeny was calculated on the basis of the fre- 
quency distribution for pupae recovered and time between introduction 
of the adults into the stock and removal of the pupae. 

Survival of adults was determined over a period of 6 months. 
Fifty young adults, 0-4 days old, were introduced into duplicate 
samples of each stock. At 30-day intervals the surviving adults were 
transferred to fresh stock so that the progeny were never allowed to 
develop to adults in the presence of the original beetles. Mortality 
was determined at weekly intervals during the 6-month period. 

All data were subjected to analysis of variance and are reported 
as means, with the necessary differences for significance. 


Results and Discussion 


In general, the insects showed greater sensitivity to differences 
between the principal mill stocks (breaks, middlings, etc.) than between 
grades of the same stock (1st break, 3rd break, etc.). The lumped 
data for the three grades of each stock are considered in the following 
section, and the data for individual grades of each stock are dealt with 
in a second section. 

Differences Between Stocks. Table Il shows the development and 
survival of 7ribolium confusum larvae on the four stocks. The rate 
of larval development was affected by the type of stock on which the 
larvae were reared. Development was most rapid on tailings and 
slowest on break stocks, and the difference is significant; Gray (3) 
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obtained similar results for the development of 7. confusum on long- 
extraction flours and whole-wheat meal. Table II shows that the 
survival of larvae on the four types of stock was very uniform, and on 
this criterion the stocks were indistinguishable. 


TABLE II 


Dara FOR Errects OF Mitt Stocks on 7. confusum LARVA 


MEAN 


Survival 


Breaks 22.8 4.14 
Middlings 22.3 94.3 4.23 0.97 
Low-grade flours 22.1 95.3 $.31 0.99 
Tailings 21.8 ) 4.35 


Least significant 
difference, 5% level 


1 See text. 


Miller (5) found that tailings stocks favored more rapid develop- 
ment of larvae than white flours of low extraction (patent flours); 
Ist-break stock was only slightly less favorable than tailings. Table Il 
shows that at 27°C. larvae developed more slowly on breaks than on 
any other stocks. At 30°C. larvae develop more rapidly (3). Rapid 
larval development is associated to some extent with high moisture 
content (4). Products milled from Canadian hard spring wheat have 
higher equilibrium moisture contents than those derived from Aus- 
tralian soft wheat and would therefore favor more rapid larval develop- 
ment. In general, Miller’s results with tailings stocks are comparable 
to those shown in Table II. However, it must be remembered that, 
due to various factors, the results of the two studies on larval develop- 
ment cannot be too closely compared. These factors include differ- 
ences in moisture content and milling characteristics of the two types 
of wheat, and differences in the milling systems used in Canada and 
\ustralia. 

It is evident from Table II that tailings favor the rapid develop- 
ment of the insect but have no significant effect upon the survival. 
Interpretation of these results presents a difficulty that becomes appar- 
ent whenever two or more biological criteria are used to assess the 
effect of varving some environmental factor. For instance, high tem- 
peratures favor rapid development of 7. confusum but this rapidity 
is accompanied by low survival; at lower temperatures, slow develop- 
ment is associated with high survival (7). The difficulty is to express 
the total response of the organism in terms of measurable functions, 
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such as rate of development and survival, which have no necessary 
relationship. 

Stanley (7) derived a ratio, the environmental index, based on 
observations of the survival and rate of development of 7. confusum, 
and used this ratio to assess the suitability of a range of temperatures. 
His basic concept is that the environment most suitable to an animal 
is that in which it ‘accomplishes the most per unit time in furthering 
the increase of the species." He derived a relative environmental 
index, £,, equivalent to S/7, S being the percentage survival during a 
given developmental stage and 7 the mean time required to complete 
this development. /, is the absolute environmental index, obtained 


‘ 


by expressing the values of £, as decimal fractions of the optimum value 


TABLE III 
Mean Data FoR Errects oF Mitt Stocks on 7. confusum ADULTS 


} Environmental Index 

Mortality No. Mean Time tor Production 
During Progeny to Produce 
6 Months Produced! Progeny ! 


Relative | Absolute 


Breaks 562 5. . 0.50 
Middlings 2 645 46. : 0.57 
Low-grade flours 963 43. 0.90 
Tailings 1045 42. ; 1.00 


Least significant differ- 
ence, 5° level 189 2.7 


' As pupae resulting from reproduction of 50 adults during 30 days. 


of F,. The values of /, will then vary from zero, under conditions 
where the insect cannot exist, to one under optimum conditions. _How- 
ever, a truly optimum value of /, under all conceivable conditions is 
not available, and the highest value of £, obtained in a series of obser- 
vations is used for the calculation of £,. Therefore, /, derived in this 
way is not an absolute index but provides a convenient scale for com- 
paring the values of F&,. A “growth index,” identical in form to 
Stanley's ‘relative environmental index,” was used by Trager and 
Subbarow (8) to assess the nutritional requirements of mosquito larvae. 

Table II shows the relative and absolute environmental indexes for 
T. confusum larvae reared on the four mill stocks. The values of the 
relative environmental index indicate that the number of larvae com- 
pleting development per unit of time was greatest on tailings and least 
on break stocks. This follows from the more rapid rate of develop- 
ment on tailings and the uniform survival on all stocks. Apart from 
this difference, the index shows that the stocks supported the develop- 
ment and survival of the larvae about equally. 
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The stocks were more clearly differentiated by their effects on 
adults of 7. confusum as shown in Table III. On the basis of the 
mortality of adults during a 6-month period the stocks are divided 
into two groups: breaks and middlings, on which the insects showed 
low mortalities; and low-grade flours and tailings, which promoted 
relatively high mortalities. Pearl, Park and Miner (6) found the mean 
life span for 7. confusum to be 188 days when the insect was fed on 
veast-enriched flour. On breaks and middlings the mean mortality 
was 28°, at 180 days, indicating that these stocks markedly favor 
survival. 

On the basis of the number of progeny produced and matured to 
the pupal stage (Table II1) the stocks are divided into the same two 
groups, significantly fewer progeny being produced on breaks and on 
middlings than on low-grade flours or tailings. Hence, there seems 
to be a relation between the number of progeny produced and the 
survival of adults, low survival being associated with high reproductive 
activity and vice versa. Fraenkel (2) suggested that the survival of 
7. confusum larvae on an incomplete diet depends on metabolic activity. 

The stocks were differentiated into the same two groups on the 
basis of the mean time required to produce and mature progeny to the 
pupal stage (Table II1). Pupae were produced more slowly on breaks 
and on middlings than on low-grade flours or tailings. This difference 
must have resulted from a difference in the rate of larval development 
on the two groups of stocks. Such a difference in rate of development 
was found when larvae alone were reared on the four mill stocks 
(Table 

Table IIL shows the environmental index for production calculated 
as the ratio of the number of progeny produced and the time required 
to produce them. This ratio provides a comprehensive index of the 
suitability of the mill stocks for 7. confusum because it takes into 
account the number of eggs laid, the mortality of eggs and of larvae, 
and the rate of larval development. Its prognostic value is also en- 
hanced because it includes the effects of the normal associations and 
interactions of the various life-history stages, for instance, egg-eating 
by adults. 

The values for the relative environmental index shown in Table III 
enable quantitative comparison of the productivity of 7. confusum on 
the four mill stocks. On the basis of the index the stocks are divided 
into two groups: breaks and middlings, on which the rate of production 
and development of progeny was low; and low-grade flours and tailings, 
on which these rates were high. The values for the ‘‘absolute’’ index 
show that, on tailings, progeny were produced and matured at twice 
the rate of production on breaks; low-grade flours were markedly more 


% 
| 
t 
| 


Nov., 1952 B. N. SMALLMAN AND S. R. LOSCHIAVO 437 


favorable for the rapid increase of T. confusum than were middlings. 
These results confirm the general observation by millers that ‘‘germy”’ 
stocks are most susceptible to insect infestation. 

Differences Between Grades of Stocks. Differences between grades of 
the four mill stocks were demonstrated only in production of progeny. 
Table IV shows the numbers of progeny that developed to the pupal 


TABLE IV 
MEAN Data FOR Propuction oF T. confusunt ON GRADES OF Mitt Stocks 


Environmental Index 


No. Progeny Mean Time to | 
Produced ! Produce Progeny ! | 


Grades of Stocks 


Relative Absolute 


Breaks 
Ist 
3rd 714 
4th 6606 


L.S.D., 5% level | 199 


Middlings 
2nd 4600 
3rd 642 
5th 832 


L.S.D., 5% level 
Low-Grade Flours 
Ist 


2nd 
3rd 


L.S.D., 5% level 


lailings 
Germ 961 
Ist 1093 
4th 1081 
L.S.D., 5% level 261 


1 As pupae resulting from reproduction of 90% jults during 30 days. 


stage, and the mean times to produce them, on three grades of each of 
the four mill stocks. On break stocks, the values for the relative 
environmental index show that the 1st break was significantly unfavor- 
able as compared with the 3rd and 4th breaks. The apparent low 
susceptibility of break stocks, particularly the 1st break, may be 
related to unequal distribution of nutrients in the fractions of different 
particle size and the preferential feeding by insects on certain of these 
fractions. For instance, in the 1st-break stock, the finer particles are 
probably mostly endosperm low in essential nutrients. On middlings, 
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the index shows that the insects’ productivity increased progressively 
from the 2nd to 3rd to 5th grades. Low-grade flours supported a 
generally high level of productivity, with the 3rd low-grade signifi- 
cantly more favorable than the other two. The insects were equally 
productive on the three grades of tailings stock, and these grades 
supported the highest mean level of productivity. 

The “absolute” environmental index is based on the optimum value 
of the relative index, namely, the value for 3rd low-grade flour; how- 
ever, the values for Ist and 4th tailings are not significantly different. 
Hence, these three grades are indicated as the most susceptible of the 
grades investigated, and as capable of supporting the production and 
development of progeny at about four times the rate on 1st-break 
stock and three times the rate on 2nd middlings. 

Comparison of these results with the analysis of stocks shown in 
Table | indicates that within stocks the productivity of 7. confusum 
on the various grades varies generally with the fat and fibre content. 
This is most apparent in the three grades of middlings, which show an 
increase in fat and fibre content from the 2nd to the 5th grade and a 
corresponding increase in productivity. The same association is appar- 
ent in the breaks and the low-grade flours, but not in the tailings. If, 
however, the 12 grades are considered without reference to the stocks 
from which they are derived, the relation between fat and fibre content 
and insect productivity does not hold. For instance, low insect pro- 
ductivity on the 1st break is associated with a higher fat and fibre 
content than the analysis shows for the 3rd low-grade flour, on which 
T. confusum was most productive. Factors additional to the fat and 
fibre content, with the associated vitamins of the B complex, must 
determine the ability of mill stocks to support the production and 
development of 7. confusum. As indicated by Gray (3) one such 
factor may be the particle size of the stock; Table | shows that the 
grades containing higher proportions of particles passing through a 
10XX screen were more favorable tor 7. confusum on break stocks, 
middlings, and tailings stocks; the reverse was true for low-grade flours. 
The interaction of particle size and chemical composition of mill stocks 
mav be involved in the observed differences in productivity of 7. 

confusum on ditterent mill stocks. 

Under mill conditions, the population of insects in various mill 
stocks will be a function of the number of insects attracted to the stocks 
as well as the favorability of the stocks for reproduction and develop- 
ment. Recent work by Willis and Roth (9, 10) has shown that the 
attraction of 7. castaneum to flour is affected by the moisture content 
of the tlour; depending on whether the insects are starved or unstarved 
they may be attracted or repelled by food with a high moisture content. 


4 
| 
f 
4 


Nov., 1952 B. N. SMALLMAN AND S. R. LOSCHIAVO 439 


However, the milling process is such that differences in the moisture 
content of the various mill fractions are small, and it seems unlikely 
that moisture content would have much effect on the distribution of 
insects between stocks. Under practical conditions, susceptibility of 
a mill stock will depend not only on the productivity of insects estab- 
lished in the stock but also on the members introduced into it; the 
factors determining initial distribution and introduction are not known 
but two possibilities exist, by chance and by choice (attraction). The 
finding of Willis and Roth, namely, that selection is governed by mois- 
ture content does not appear applicable here because in their study 
response was conditioned by starvation. On the other hand, con- 
tinuous movement of stocks in mills and random movement of beetles 
suggest distribution by chance. On this assumption, the present find- 
ings on productivity of insects in stocks afford reasonable prediction 
of the distribution of numbers of insects between stocks in mills. 
From the standpoint of practical insect control in flour mills, this 
study indicates that tailings stocks and the rougher grades of low- 
grade flours are most likely to promote the rapid development of 7. 
confusum populations. After a general fumigation, attention to ma- 
chines carrying these stocks should not be relaxed, for they are most 
likely to become the nuclei of fresh outbreaks. The finer grades of 
low-grade flours and the grades of middlings arising toward the end 


of the milling process (4th middlings and later) are scarcely less suspect. 


Break stocks and the finer grades of middlings appear least likely to 
initiate and foster infestation. Unfortunately, these stocks and their 
derivatives demand the miller’s greatest effort in preventing insect 
contamination of finished products. 
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THE EFFECT OF VARIOUS MILK SERUM PROTEINS AND 
THEIR SULFHYDRYL GROUPS ON BREAD QUALITY ' 


Bruce L. Larson,? ROBERT JENNEsS,’ and W. F. Geppes * 


ABSTRACT 


Baking studies with purified milk serum protein fractions have revealed 
that 8-lactoglobulin, which can account quantitatively for most, if not all, 
of the sulfhydryl reducing capacity of milk and which makes up 50 to 60° 
of the total serum proteins, is not deleterious to dough consistency and loaf 
volume when incorporated into doughs. Furthermore, bovine blood serum 
albumin and colostrum immune euglobulin and pseudoglobulin, each of 
which comprise about 5°7 of the total serum proteins of milk, are not dele- 
terious. Heat treatment of the serum proteins, and of 8-lactoglobulin, 
results in an activation of the very unreactive sulfhydryl groups present in 
the native protein and these do have a somewhat deleterious action on 
baking quality. Egg albumin behaves similarly to 8-lactoglobulin. 

It appears that the sulfhydryl groups of milk proteins are not the factor 
responsible for the poor baking quality of milk which has not received an 
adequate heat treatment. Consequently any method for measuring them 
would not necessarily measure baking quality. These findings imply that 
all of the methods which are based on the measurement of the reducing 
capaeity-or the amount of undenatured serum proteins are fundamentally 
unsound as absolute indices of the baking quality of nonfat dry milk solids 
since they measure materials and properties which in themselves are not 
deleterious. 


Extensive work (4, 7) has shown that the serum protein fraction of 


milk is responsible in part for the deleterious action on dough and 
bread of insufficiently heated milk or nonfat dry milk solids derived 


therefrom. Since the work of Stamberg and Bailey (17), it has been 
thought that the beneficial effect of heat treatment on the baking 
quality of skim milk is due to the removal or alteration of sulfhydryl 
groups present. Larsen et al. (8) demonstrated that the total sulfhy- 
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dryl content of the milk proteins, as measured by an 0-iodosobenzoate- 
iodine titration procedure, decreased upon heat treatment and they 
postulated that the sulfhydryl groups were rendered sterically unavail- 
able by the heat treatment and hence were no longer deleterious to 
dough quality. More recently Larson and Jenness (9, 10, 11) have 
shown that this decrease in 0-iodosobenzoate-iodine titer is actually 
due to oxidation of the sulfhydryl groups by molecular oxygen. It was 
further demonstrated that the sulfhydryl groups of unheated milk are 
very unreactive but that those remaining unoxidized in heated milk 
are very reactive. A similar increase occurs in the reactivity of the 
sulfhydryl groups of egg albumin upon heat denaturation. 

The serum proteins of milk consist of a number of fractions. 8-Lac- 
toglobulin, a crystallizable protein, comprises a considerable portion of 
the mixture (16). In fact, electrophoretic analysis indicates that pro- 
teins with the mobility of 8-lactoglobulin represent 50 to 60°% of the 
total serum proteins although vields of the crystalline product have 
never been obtained in sucha proportion. Polis ef a/. (13) have recently 
shown by electrophoretic and isolation procedures that a fraction appar- 
ently identical with normal bovine blood serum albumin constitutes 
about 5% of the milk serum proteins. Smith (15, 16) described the 
preparation from milk serum of a euglobulin and a pseudoglobulin 
which together represent 10 to 20°% of the serum proteins and both of 
which are involved in immunological reactions. These last two pro- 
teins are present in much higher concentration in colostrum than in 
normal milk. 

Probably 8-lactoglobulin is the principal sulfhydryl protein of milk 
serum. Larson and Jenness (11) calculated that if the fraction which 
has the electrophoretic mobility of 8-lactoglobulin had the sulfhydryl 
titer of 8-lactoglobulin, it alone would account almost exactly for the 
entire sulfhydryl titer of the serum proteins and of milk itself. Thus, 
8-lactoglobulin is the major, if not the only, component measured by 
various methods which have been proposed to determine the baking 
quality of nonfat dry milk solids by measurement of protein reducing 
capacity and it is the major component measured by various methods 
for determining the amount of serum protein present (3, 12, 14). 
Bovine serum albumin has a low content of either active or potentially 
active sulfhydryl groups (2, 5). The sulfhydryl content of the other 
milk proteins is not known. 

With these considerations in mind, it appeared desirable to com- 
pare the effects of crystalline 8-lactoglobulin and of other purified milk 
serum protein fractions when incorporated into bread doughs. In 
addition, crystalline egg albumin was included in the study since the 
activity of the sulfhydryl groups of this protein has been characterized 
by many investigators. 
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Materials and Methods 


Crystalline 8-lactoglobulin was prepared essentially according to 
the method of Bull and Currie (1) and crystalline egg albumin by the 
method of Kekwick and Cannan (6); both proteins were recrystallized 
fourtimes. The immune euglobulin and pseudoglobulin fractions were 
isolated from a mixed sample of the colostral milk from two cows 
according to the procedure of Smith (15). The bovine blood serum 
albumin was a commercial crystalline product (Armour). The milk 
serum proteins were prepared by precipitating the casein from raw 
skim milk using 100 ml. of 10°7 acetic acid and 100 ml. of 1 NV sodium 
acetate per liter of milk, exhaustively dialyzing the filtrate against 
distilled water, and freeze-drying. All of the milk protein prepara- 
tions, with the exception of the serum protein preparation, were elec- 
trophoretically homogeneous. 

Two series of experiments were made. In the first, egg albumin, 
3-lactoglobulin, and the serum proteins were dissolved in phosphate 
buffer (pH 6.9, « = 0.1) and subjected before baking to the following 
treatments to alter their sulfhydryl group activity (9): 


(1) None. These samples of the native proteins possess the total 
sulfhydryl content, but the groups are very unreactive. 

(2) Heated for 30 minutes at 78°C., and added to dough immedi- 
ately after the heat treatment. This treatment gives the maximum of 
very reactive sulfhydryl groups which are “liberated”’ during the heat 
treatment and before those of 8-lactoglobulin are further oxidized by 
molecular oxygen. 

(3) Heated for 30 minutes at 78°C., and stored at 4°C., for 72 hours 
before baking. This treatment gives an opportunity for the very 
reactive sulfhydryl groups to be oxidized. 

(4) Heated for 30 minutes at 78°C., treated with 0.5 g. of iodoacet- 
amide per 75 ml. of solution and exhaustively dialyzed against phos- 
phate buffer for four days. lodoacetamide will combine with most of 
the sulfhydryl groups of denatured egg albumin and most of those 
present in 8-lactoglobulin which are not attacked by molecular oxygen. 
Since iodoacetamide itself is a flour improver, acting like bromate, 
exhaustive dialysis was necessary to remove all of it. This treatment 
should remove all of the very reactive, as well as the mildly reactive, 
sulfhydryl groups of the three protein systems. 

(5) Treated with acid and potassium iodide as in the regular 0-iodo- 
sobenzoate-iodine titration procedure (10), o-iodosobenzoate added until 
a slight excess was present, sodium hydroxide added to bring the pH 
to 6.9, and the resultant system exhaustively dialyzed against phos- 
phate buffer for four days. This treatment was applied+to 8-lacto- 
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globulin only. The resultant protein sol was water-clear like that of 
native 6-lactoglobulin but had no reducing titer whatever. 

(6) Treated as in (5) except that the sample was heated for 30 
minutes at 78°C. before the oxidation. This treatment was applied to 
8-lactoglobulin only. 

In the second experimental series, the serum proteins, 8-lactoglo- 
bulin, euglobulin, pseudoglobulin, blood serum albumin, and a mixture 


phosphate buffer (pH 6.9, « = 0.1). These solutions were given the 
same treatments as in the first three steps of the first series, i-e., un- 
heated, heated immediately before baking, and heated and held (in 
this case for 48 hours) before baking. In this second series, the sulfhy- 
dryl contents of the several protein sols were determined by the 0-iodo- 
sobenzoate-iodine titration with and without the addition of iodoacet- 
amide (9). The 0-iodosobenzoate-iodine titration measures the total 
sulfhydryl groups and the difference between the titers with and with- 
out iodoacetamide is a measure of the “active groups.”’ 

In both series all of the protein preparations were incorporated into 
doughs at a level which would be present in a formula containing 6% 
nonfat dry milk solids (flour basis). Since 12 g. of nonfat dry milk 
solids contain about 1.0 g. of serum proteins of which 50 to 60% 
probably is 8-lactoglobulin, respective levels of 1.0 g. and 0.5 g. per 
200 g. of flour were employed for these proteins respectively. Egg 
albumin, which has a sulfhydryl content very similar to that of 8-lacto- 
globulin, was incorporated at a level of 0.5 per 200 g. of flour. Bovine 
serum albumin, euglobulin, and pseudoglobulin, each of which com- 


prises 5 to 10°% of the serum proteins of milk, were incorporated at 
levels of 0.05, 0.10, and 0.10 g. per 200 g. of flour respectively. The 


required quantity of protein sample was made up in 75 ml. of phosphate 


buffer for each mix of 200 g. of flour. 

The baking test was that of Larson et al. (12); the same brand of 
hard red spring wheat flour was employed. The bromate level was 
1 mg. per 100 g. of flour. A constant absorption (64% in the first 
series and 63°; in the second) was used for the water and buffer con- 
trols and for the doughs to which the protein sols were added. Control 
doughs containing “high-heat’”’ (190°F. for 30 min.) and ‘‘low-heat”’ 
(145°F. for 30 minutes) spray dried nonfat milk solids at a 6°% level 
(flour basis) were also included in the first series; an absorption was 
used for these which was found to yield the desired dough consistency. 
Two 150 g. portions were scaled off from each mix (200 g. flour) and 
both were given a 2-hour fermentation. 


of the latter four proteins in the ratio of 10:2:2:1 were dissolved in a 
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Results 


The handling properties of the doughs during the baking procedure 
were practically identical and reflected no characteristic differences 
due to any of the protein fractions. The bread baked in both series 
was judged for quality characteristics and the loaf volumes were 
measured. The scores for the loaves were practically identical; only 
the loaf volume retlected differences. 

The loaf volumes obtained in the first series are shown in Fig. 1. 
Native 8-lactoglobulin and egg albumin did not lower the loaf volume. 
Upon heating, however, these two proteins caused a depression of the 
loaf volume. It seems logical to conclude that the unreactive sulfhy- 
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dryl groups of these two native proteins (1.30°) cysteine for 8-lacto- 
globulin and 1.11°) for egg albumin (10)) have no relation to baking 
quality, but that the very reactive groups formed as a result of heating 
are deleterious to some degree. This explanation is supported by the 
findings that the oxidation of the reactive sulfhydryl groups or alkyla- 
tion with iodoacetamide caused an increase in volume over that found 
with the freshly heated samples. 

The intact serum protein mixture presents a completely different 
picture. In agreement with previous work (4, 7), the unheated serum 
proteins depressed loaf volume but this effect was overcome by heating. 
The loaf volume is still further improved by blocking the sulfhydryl! 
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Fic. 2. The effect of various purified milk serum protein fractions given various treatments to 
change the sulfhydryl group activity on doughs containing them at a level equivalent to 6% nonfat 


dry milk solids (flour basis). 
groups following the heat treatment, this effect being similar to that 
noted with purified 8-lactoglobulin and egg albumin. 

The loaf volumes obtained in the second series are shown in Fig. 2. 
In this series, unlike the first, sulfhydryl titrations were performed on 
aliquots of the solutions at the time of baking; these titers are presented 
in Table I. The results confirm the conclusions drawn from the first 
series relative to the effects of 8-lactoglobulin and the serum proteins on 
loaf volume. The sulfhydryl results were as anticipated from previous 


TABLE I 


THE RepucING PoweR oF VARIOUS MILK PROTEINS BEFORE AND AFTER 
Heat TREATMENT 


Protein Reducing Power 


‘o Treatment Freshly Heated ? Heated ?and Held 


\ctive otal Active Total Active 4 


As mg. cysteine per 200 g. 
Pseudoglobulin 0.13 0.0 0.0 | 00 oO | 0. 0.0 
Euglobulin 0.13 0.0 | 00 | 0. 0.0 
Serum albumin 0.07 | 0.0 | 0.0 | 0.0 
8-lactoglobulin 0.69 | 6.7 * 5 | 0.0 
Serum Proteins 1.06 6.6 | 0.0 


! All proteins in phosphate buffer, pH 6.9, « = 0.1. 


2? Heat treatment of 78° C. for 30 min. in air. 
Determined by an 0-iodosobenzoate-iodine titer at the time of baking. 
4‘ Determined by adding 0.25 g. of iodoacetamide to 25 ml. of the solution at the time of baking 
and after two hours titrating by the o-iodosobenzoate-iodine procedure. The difference between this 
and the total titer (without the iodoacetamide present) is the “‘active’’ sulfhydryl group titer. 
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work with the serum proteins (11). Euglobulin, pseudoglobulin, and 
serum albumin, or a mixture of these three proteins with 8-lactoglo- 


bulin, were not deleterious to baking quality. 


Discussion 


The results of these baking experiments indicate that 8-lactoglo- 
bulin, the chief component of the serum proteins and responsible for 
the majority, if not all, of the sulfhydryl reducing titer of the serum 
proteins, is not deleterious to baking quality when incorporated into 
doughs. ‘The effect of sulfhydryl groups on the baking quality is not 
observed in the native proteins but is only apparent after the proteins 


have been heated. The effect of the reactive sulfhydryl groups may 


be overcome by using appropriate methods to decrease the sulfhydryl 


| group activity. Therefore, one is led to the conclusion that sulfhydryl 


groups do not apparently play a significant role in the effect of these 


native proteins in breadmaking. They do have an effect although 


relatively minor, when the proteins have been heated resulting in the 
presence of reactive sulfhydryl groups. Thus the deleterious effect 
of the unheated serum proteins, commonly attributed to sulfhydryl 


groups, apparently is due to an unknown action of some component or 
components of the serum proteins other than 8-lactoglobulin.‘ 

It is difficult to explain the fact that the freshly-heated serum pro- 
tein mixture produced a greater loaf volume than the freshly-heated 
8-lactoglobulin in both series. If the deleterious effect of the serum 
proteins is due to a heat labile factor, and if the heated 8-lactoglobulin 
reduced loaf volume through an action of its highly reactive sulfhydryl 
groups, it would be expected that heat treatment of serum proteins 
would increase the loaf volume to the level exhibited by freshly-heated 
8-lactoglobulin but not higher. To be sure, the level of active sulfhy- 
dryl groups was somewhat lower for the freshly-heated serum proteins 
than for. the similarly treated 8-lactoglobulin in one experiment (Table 


1) but it is not considered that the difference is great enough to explain 
the differences in loaf volume. The explanation of this apparent dis- 
crepancy must await isolation of the factor or factors responsible for 
the deleterious action of unheated serum proteins. 

8-Lactoglobulin, euglobulin, pseudoglobulin, and serum albumin 
together constitute up to 80°% of the normal milk serum proteins and 
none of these are deleterious to baking quality at the level normally 
found in milk. Admittedly, the serum albumin was isolated from 
blood and the euglobulin and pseudoglobulin were isolated from colos- 
trum, but there is considerable evidence that these proteins exist in the 
cei” might be suggested that 8-lact globulin does not depress loaf volume 
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same state in normal milk (13, 15). These findings may well explain 
why none of the methods devised to evaluate the amount of serum 
proteins present or the reducing capacity of milk have proved to be 
completely reliable in predicting the baking quality of an unknown 
sample of nonfat dry milk solids (12). It should not be overlooked, 
however, that these methods do reflect to a certain degree the amount 
of heat treatment the milk has received (12) and this heat treatment 
apparently determines the extent of “denaturation” of the deleterious 
factor or factors present in the milk serum proteins. 
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LIPID BINDING IN DOUGHS. EFFECTS OF DOUGH 
INGREDIENTS'” 


D. K. and N. E. WEINSTEIN 


ABSTRACT 
Much of the ether-extractable lipid of flours becomes “bound” when 
the flours are wetted or doughed (Olcott and Mecham, 9). These earlier 
observations were largely restricted to flour-water doughs; the effects of 
some other bread dough ingredients at levels in the range used in baking 
have now been determined. 

Salt decreases lipid binding in doughs, both of total lipid and of phos- 
pholipid, to 20 to 40°; less than that occurring in the absence of salt. A 
“softener” of the polyoxyethylene stearate type had somewhat similar 
effects. Shortening (lard) appeared to decrease phospholipid binding 
slightly, but did not affect total lipid binding appreciably. Other bread 
ingredients had no detectable effects. 

The lipid contents of glutens washed out in salt solutions were lower 
than those washed out in water, paralleling the observations on lipid bind- 
ing in doughs. 


The suggestion was made by McCaig and MecCalla (7) that a 
protein-lipid complex is formed when wheat flour is made into a dough. 
This concept was confirmed at least in part by the observations of 
Olcott and Mecham (9), who found that much of the ether-extractable 
material of flours became “bound” (i.e., no longer extractable with 
ether) when flours were wetted or doughed and then dried by lvophil- 
ization. Phospholipids were bound preferentially in comparison with 
other flour lipids; and most of the lipids were found associated with 
that fraction of the gluten proteins usually referred to as glutenin. 
These observations were largely restricted to flour-water doughs, 
however, and it was thought that other bread-dough ingredients might 
influence the extent of lipid binding. This has been found to be the 
case with salt and a polyoxvethylene stearate 


‘softener’’; their inclu- 
sion in a dough decreases binding both of total lipid and of phospho- 
lipid. Some observations also have been made on glutens washed out 
in the presence and absence of these ingredients; the lipid contents of 
the glutens followed in general the pattern expected from the obser- 
vations made on doughs. 


2 Contribution trom Western Regional Research Laboratory, Alban 
cultural and Industrial Chemistry, Agricultural Research Administratior 
Agriculture 


Bureau of Agri- 


1 Manuscript received May 26, 1952 Presented at the Annual Meeting, April, 1952 
S. Department of 
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Materials and Methods 


The three flours used in most of the work were unbleached straight- 
grade flours milled from pure variety lots of wheat; all were of good 
baking quality. The Thatcher flour contained 0.43°¢ ash and 16.5% 
protein (N X 5.7) dry basis; the Mida flour, 0.41°% ash, 13.20) pro- 
tein; and the Pawnee flour, 0.46°7 ash, 11.8; protein. 

Doughs were mixed with 30 g. flour (14°¢ moisture basis) in a small 
recording dough mixer (National Mfg. Co.)* to optimum development. 
Lard and a polyoxyethylene stearate preparation (Myrj-45)* were 
added as solids; salt was dissolved in a portion of the water. The 
doughs were frozen rapidly by pressing into thin sheets on a block of 
solid carbon dioxide, and lyophilized. The dried doughs were ground 
in a small Wiley mill equipped with a 40-mesh screen. 

E-ther-extractable material was determined by either of two extrac- 
tion procedures: percolation of solvent through the sample held in a 
powder funnel over a filter paper, or extraction in a Soxhlet (18 to 20 
hours) with the sample wrapped in filter paper. The two methods 
gave results in good agreement. An advantage of the percolation 
method was that a large sample (10 g.) could be used readily when a 
low percentage of extractable material was present; when relatively 
large percentages were present, however, the Soxhlet procedure was 
more convenient and reliable. All extracts were concentrated to about 
20 ml. and filtered through medium-porosity sintered glass covered 
with filter aid (Celite)* before the final evaporation of solvent and 
weighing. 

Total lipid contents of lyophilized glutens were determined by the 
Soxhlet procedure with absolute ethanol as extractant; the ethanol was 
then evaporated almost completely, the residue was taken up in ethyl 
ether, the solution filtered, the ether evaporated, and the residue 
weighed. 

Phosphorus was determined by the method of Allen (1); total 
nitrogen, ash, and moisture by A.O.A.C. methods (8). 


Results 


Influence of Salt. The effects of varying sodium chloride additions 
on the binding of lipid and lipid phosphorus in Thatcher and Pawnee 
flour-water-salt doughs is shown in Fig. 1. In the absence of added 
salt, binding of lipid phosphorus was nearly complete with both flours. 
Binding decreased as salt was added; but the values obtained with the 
small amounts of extract were rather scattered and do not show clearly 
whether a leveling off occurred at high salt concentrations, nor whether 


Mention of this and other products does not imply that they are endorsed by the Department 
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the flours differed in behavior in this respect. Binding of lipid was 
higher with the Thatcher than with the Pawnee flour, but in the case 
of the Thatcher flour decreases in binding continued at higher salt 
levels. This difference possibly is attributable to the higher protein 
content of the Thatcher flour. 


LIPID PHOSPHORUS - 
THATCHER, 
PAWN 

EE 


60 


LIPID - 
THATCHER 


PER CENT BINDING 


T 


2 3 5 
NaCl (os per cent of fiour weight) 


chloride content on the amounts of lipid a 
bound in doughs. 


Other “ Ether-Insoluble’’ Ingredients. No effects of sucrose, non-fat 
milk solids, yeast (without fermentation and with 4 hours’ fermenta- 
tion), potassium bromate, or malted wheat flour on lipid binding were 
found when these ingredients were added separately to flour-water 
doughs at the levels commonly used in bread production. — In addition, 
“complete” doughs containing all the above ingredients with and with- 
out salt were compared, and the lipid and lipid phosphorus extracted 
differed little from the amounts obtained with the simpler thour-water 
and tlour-water-salt doughs. 
Effects of Shortening Agents (Lard and Polyoxyethylene Stearate). 
Iwo series of doughs were prepared with Pawnee flour and 2.5¢; 
sodium chloride, with lard or with a polyoxvethylene stearate product 
Myrj-45) added at various levels. Both shortening agents were free 
of detectable amounts of phosphorus. The extents of lipid and lipid 
phosphorus binding observed are shown in Figs. 2 and 3. 
Phe amounts of lipid bound (flour lipid plus lard) increased only 
very slightly as lard was added, while the binding of lipid phosphorus 
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>. Effects of lard and polyoxyethylene stearate on the amounts of lipid (flour lipid plus added 
shortening agent) bound in doughs. 
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Fic. 3. Effects of lard and polyoxyethylene stearate on the amounts of lipid phosphorus 
bound in doughs. 
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but steadily with each increment of lard. The 
results indicate a limited replacement by lard of a portion of the flour 
phospholipid that was bound in the absence of lard. 

The effects of Myrj-45 were quite different. Additions up to about 
1°, decreased both the total lipid and lipid phosphorus bound. With 


decreased slightly 


larger additions, binding increased rather rapidly; and as indicated by 
the 5°¢ Myrj-45 value, the displacement of lipid phosphorus was 
reversed above 2°‘ M yrj-45. 


Salt and Polyoxyethylene Stearate Combinations. he results pre- 


sented above show that salt decreased binding of lipid phosphorus, and 


that an additional decrease resulted from addition of Myrj-45. To 
determine whether Myrj-45 would exert similar effects at other salt 


levels, doughs were prepared with combinations of salt and Myrj-45 


as indicated in Table 1. Even in the absence of added salt, additions 


of Myrj-45 increased the amount of lipid phosphorus extractable. 


TABLE I 


Lirptp PHosPpHORUS EXTRACTABLE BY ETHYL ETHER! FROM LyorHiLizeED DouGus 
CONTAINING SODIUM CHLORIDE AND POLYOXYETHYLENE STEARATI 
IN VARIOUS COMBINATIONS 


1.0 


| o7 co 

Phatcher 0 1 8 20 
0.5 7 41 46 

2.0 213 47 67 

Mida 0 9 44 67 
2.0 36 65 81 


s percentage of lipid phosphorus extractable by ethyl ether from the flours 


on a 14% moisture basis 


The data in Table | in addition suggest that rather marked differ- 
ences occur between flours in regard to the effects of salt and Myrj-45 


in decreasing binding of lipid phosphorus. The Mida flour doughs 


were affected to the greatest extent; Pawnee tlour doughs (Fig. 1) were 


least affected, at least at a salt content normal for bread doughs. The 


Thatcher flour, however, showed a more than additive effect of combt- 
nations of salt and Myrj-45. Thus 0.5°% salt plus 0.50% Mvyrj-45 
prevented binding of 41°% of the lipid phosphorus, while the sum ot the 


effects of the individual additions was only 157. 
Ether-Extracted Flour Doughs. In the work reported above, it was 
assumed that inclusion of salt or Myrj-45 in doughs prevented binding 


of a portion of lipid which was bound in flour-water doughs (and was 


ether-extractable in the original flour). An alternate possibility was 
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that some lipid not extractable from the original flour was released by 
additions of salt or Myrj-45. 

That the latter explanation is incorrect was shown by use of ether- 
extracted Thatcher flour. A dough prepared with this flour and water 


vielded an insignificant amount of ether extract (less than 0.2 mg. per 
g. flour) containing no detectable amount of phosphorus. A dough 
containing 1°; salt gave identical values. With addition of 1° 
Myrj-45 or 10% of both Myrj-45 and salt, the extractables weighed 67 
and 60°%, respectively, of the weight of added Myrj-45, but still con- 
tained no detectable amount of phosphorus. Thus salt did not release 
lipid not free in the original Thatcher flour, and salt, Myrj-45, or the 
two in combination did not release lipid phosphorus. 


TABLE II 


RECOVERY OF NITROGEN, Lipip, AND Liptp PHOSPHORUS IN GLUTENS 


Recovered in Gluten 


foisture 


trom 100 g. Flo 
Basis 


Flour Gluten Wash Solution 


Lipid 


meg. 


Mida Distilled water 1.44 1.36 8.4 
0.1°% phosphate buffer, pH 6.8 2.07 1.26 9.2 
2% NaCl 1.96 0.87 6.3 
26% NaCl (1% Myrj-45) 1.97 0.45 1.9 
Pawnee Distilled water 1.91 | 1.20 6.0 
0.1° phosphate buffer, pH 6.8 199 | 1.19 6.2 
2.5% NaCl 1.98 0.89 4.4 
2.50 NaCl (0.56% Myrj-45 in 1.88 0.59 | 
dough)! 
Distilled water (0.5°7 Myrj-45 in 1.92 1.37 6.5 


dough)! 


1 Myrj-45 was added only at the time doughs were mixed; the percentages indicated are on a 
flour-weight basis 


Gluten-Washing Experiments. The data given in the preceding sec- 


tions show that in doughs dried from the frozen state the amounts of 


lipid, and lipid phosphorus, made non-ether-extractable by the dough- 
ing process can be altered by additions of salt or polyoxyethylene 
stearate. If the gluten proteins are largely responsible for the binding 
of lipid, as indicated by Olcott and Mecham (9), the lipid contents of 
glutens washed out in the usual way presumably could be altered by 
the salt content of wash solutions or the addition of salts or polyoxy- 
ethylene stearate to doughs prior to the gluten washing. The results 


of some experiments demonstrating such effects are given in Table II. 

Because the data given are for total lipid (ethanol extractable, ether 
soluble), a portion of flour lipid is included that was not dealt with in 
the studies on doughs, and this portion contains more phosphorus than 
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that extractable by ether from flour (unpublished observations). Even 
with inclusion of this additional fraction of lipid, the results give a pre- 
liminary indication that the effects of salt and Myrj-45, present during 
the washing of glutens, on the lipid contents of glutens correspond in a 
general way with their effects on lipid binding in doughs. 


Discussion 


Modification of flour baking behavior or of the physical properties 
of glutens by the addition of various types of lipids, or the removal of 
part of the flour lipids, has been reported several times; for examples 
see McCaig and McCalla (7); Sullivan, Near, and Foley (10); Kosmin 
(5); and Working (11). In relation to problems of baking behavior 
and storage stability of flour, a better understanding of the ways in 
which lipids exert their modifying effects would be useful. Although 
lipids undoubtedly can modify baking behavior by reason of their own 
physical properties (2), other effects may be presumed to be attribut- 
able to their combination with proteins and consequent modification 
of protein properties. 

Little is known of the nature of the lipid-protein complexes formed 
upon doughing. However, it seemed some useful information might 
be gained from experiments of the type reported in this paper before a 
more basic study was attempted. The observations on the effect of 
salt do suggest that the binding is partly ionic in nature; this could 
also be inferred from the preferential binding of phospholipid.* The 
effects of polvoxyethylene stearate must be explained on some other 
basis. The differing behavior of lard and polvoxyethylene stearate 
suggests involvement of the hydrogen bonding abilities that the poly- 
oxvethylene compound may be assumed to have. 

Another implication of the results concerns the nature of glutens 
prepared for gluten characterization studies. These often have been 
separated from flour by washing out with water or the dilute phosphate 
buffer recommended by Dill and Alsberg (4). As indicated by the 
data in Table Il, such glutens may be combined with more lipid, and 
especially phospholipid, than are glutens as they exist in bread dough; 
such gluten preparations accordingly may not provide a precise indi- 
cation of the properties of glutens in doughs. 

Evaluation of the usefulness of the lipid-binding phenomena noted 
in explaining various problems in baking technology requires more 
information than is now available, however. 


‘For discussion of the linkages which might be expected in lipid-protein complexes, and of lipo- 
protei ir eneral, see 3) and (6 
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GRAIN STORAGE STUDIES. XII. THE FUNGUS FLORA 
OF STORED RICE SEED! 


FRANK A. DEL PRADO? and CLYDE M. CHRISTENSEN # 


ABSTRACT 


Phe mold count of 


12 varieties of rice from Louisiana and Surinam 
ranged from 500 to 66,000/g. The major portion of the count was made 
up of species of Aspergillus and Penicillium. Fungi were isolated from the 
hulls of all varieties, the principal genera being Aspergillus, Penicillium, 
Fusarium, and Curvularia. Fungus mycelium was present within the peri- 
carp of all seeds examined, and various fungi were isolated from the dehulled 
seeds of all varieties. 

Molds did not increase in rice stored in sealed bottles at moisture con- 
tents of 14°% and below, nor in rice stored at higher moisture contents at 
temperatures of 23° and 37°F. for 21 days. At temperatures of 63° to 75°F. 
molds increased with increasing moisture content above 157, and the via- 
bility of the seed decreased. 


A combination of several technics probably is necessary to determine 
the extent to which a given lot of seed has been invaded by various molds. 


The microtlora on and within seeds are known to affect the quality, 

storage behavior, and processing of various kinds of agricultural grains. 
Considerable work has been done on the relation of fungi to the 
deterioration of stored soybeans (11, 12) wheat (3, 10), cottonseed (6), 
and corn (1, 2, 7, 13), but little is known about this aspect of rice 
storage. Rice is one of the major food crops of the world. Much of 
it is raised and stored in regions of high humidity, where fungus inva- 
sion of the stored seed might be expected. For these reasons it was 
thought that a study of the microflora of rice seed, particularly as they 
are related to storage of the seed, would be of some value. 

The object of the work was to determine: 1. The number and kind 
of fungi on and within various lots of stored rice; 2. The portions of 
the seed in which the fungi were present; 3. The influence of moisture 
content, temperature, and time upon the development of fungi on and 
within stored seed; and 4. Their effect upon the viability of stored 
seed, 
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Materials and Methods 


Varieties and Sources of Seed. The varieties of rice, and the sources 
from which they were obtained, were: 


From Surinam, South America, 1949 crop: varieties Skrivimankotti, 
Kretek, Holland, and Tjahaja. 

From Louisiana, U.S.A., 1949 crop: varieties Rexoro, Fortuna, 
Magnolia, Zenith, and Improved Blue Rose. 1950 crop: variety 
Zenith. 


For the storage tests, a separate lot of Zenith from Louisiana was used; 
this had a considerably higher total mold count than the one previously 
obtained. 

Mold Count. The mold counts were made according to the method 
described by Bottomley, Christensen and Geddes (2). 

Fungi within the Hulls. Hulls were removed from the seeds by 
rubbing the seeds between two pieces of corrugated rubber nailed to 
wood blocks. The hulls then were washed for two hours in running 
water at a temperature of about 30°C., with a small amount of deter- 
gent added every half hour, as described by Christensen (5). The 
hulls were then washed in two changes of sterile water, and cultured on 
malt-salt agar in Petri dishes. In most cases, 100 hulls were cultured 
from each variety. 

Fungi Beneath the Pericarp. Pericarps from a number of seeds of 
each lot were examined microscopically. The seed was dehulled, mois- 
tened, then frozen, after which the pericarp could be removed easily 
with forceps. This was placed inner side up on a slide, stained with 
cotton blue as described by Hyde (8) and Hyde and Galleymore (9) 
in their work with wheat, and examined microscopically. 

Fungi in the Caryopsis. The seeds were dehulled and washed in 
running tap water for two hours, as described above, rinsed in two 
changes of sterile water, and cultured on malt-salt agar. 

Storage Tests. Distilled water was added to 100 g. portions of the 
grain to bring it to the desired moisture content, and during the first 
two days the seed was shaken at frequent intervals to ensure equal 
distribution of moisture. It was stored either in 100 g. quantities 
in sealed 8 oz. bottles, or in 50 g. quantities in bottles through which 
air at a relative humidity in equilibrium with that around the seed was 
drawn by means of a continuous siphon, at a rate calculated to com- 
pletely replace the air in each container every 24 hours and thus pre- 
vent accumulation of carbon dioxide. The moisture content of all 
samples was determined by the two stage air-oven method (4) at the 
beginning and end of all tests. At the end of the storage tests, mold 
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counts were made as described above, and viability of the seed was 
determined by placing 100 seeds on a moist paper at room temperature 
and counting the number of germinated seeds after five to seven days. 


Results 


Total Mold Count. The total mold count of 12 samples, and the 
proportion of the total made up by various fungi are summarized 

Table I. The count ranged from less than 500 per g. to 66,000 per g. 
Three samples, all from Louisiana, had a total mold count in excess of 
50,000 per g. In these three, Aspergillus glaucus comprised more than 
80°% of the total. Judging from experience with other types of seed, a 
count of this magnitude of A. glaucus would indicate that some deteri- 
oration of these lots had already occurred. 


TABLE I 


NUMBERS AND KINDS OF FUNG! CULTURED FROM 12 VARIETIES OF RICE SEED 
| | Per Cent of Total Count Made U'p by the 
| | | Principal Genera and Species 

M Id | 8 | | | 

Variety of Rice Year of Harvest | Count | 3 | $; | fl. 
| per Gram | | 
2/3) 8 Sis 
Eis 
| | & is 10 y 

Holland Surinam 1949 | 900 | 66) 0} 13) 

Skrivimankotti | Surinam 1949 2000 | 24; 8 4) 3 | 37) 14; 5|0 2}0; 0 

Tjahaja | Surinam 1949 2100 25 0 

Kretek Surinam 1949 1900 | 33) 15, 0) 28} 6 

Rexoro 1949 400 5 5 5! 0 40; 0 0 0; 0 

Fortuna Louisiana 1949 4600 | 0) 61, 00); OF 0/0 

Magnolia I Louisiana 1949} 61,000 | 0, OO} 0 

Improved Blue | Louisiana 1949 300 | 15! 23}0/0)} 0) 62) 0|0/0 

Rose . - ~..-| } 

Zenith | Louisiana 1949 1000 | 12) 33} 0/0 6} 36; 0} 2); 

Early Prolific 1950 58,000 0} 84; 2/1 0 6 0 5 0; 0} 2 

Magnolia II Louisiana 1950, 66,000 0; 82} 1 | 2 6 1 1 | 

Rexoro II Louisiana 1950, 12,000 | 


Species of Aspergillus and Penicillium made up the bulk of the 
count in all of the samples. Also present were Curvularia, Fusarium, 
Alternaria, ITormodendrum (Cladosporium) and Streptomyces. Doubt- 
less other fungi were present but did not show up in the dilutions used. 
This technic is primarily suited to disclosing the numbers and kinds of 
viable spores present; fungi present as only occasional portions of dor- 
mant mycelium within the hull or the carvopsis itself would not be 
likely to be detected. 
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Fungi in the Hulls. Living fungi were present in nearly 100°; of 
the washed hulls. In the hulls cultured from four varieties from 
Surinam, Fusarium comprised 32°% of the isolates, Aspergillus niger 
and Hormodendrum (Cladosporium) about 20%. As determined 
by total mold count, Fusarium was present in only two of these 
samples, and then in rather small numbers. Presumably, Fusarium 
was present in the hulls primarily in the form of dormant mycelium. 

Of the fungi isolated from the washed hulls of the 1949 samples 
from Louisiana, Aspergillus glaucus comprised 43°¢ of the isolates, A. 
niger Penicillium and A. terreus 8 ¢. 

Of the 1950 crop samples from Louisiana, 49°¢ of the isolates from 
the washed hulls were Curvularia, 17°) were Fusarium, and 14°% were 
Aspergillus glaucus. ‘The total mold count of these samples disclosed 
no Fusarium, and very little A. glaucus. This again illustrates the 
desirability of using more than one technic in determining the prin- 
cipal kinds of fungi present in seed. The fact that a given fungus 
grows from a given fragment of hull gives no information as to whether 
the colony arose from a single cell of mycelium, a multitude of cells, 
or from one or more spores. The technic is useful in determining the 
general prevalence of different fungi in the hull, but it does not measure 
accurately the amount of inoculum present. 

Fungi in the Caryopsis, or Dehulled Seed. Fungi grew from more 
than 50°, of the dehulled seed of 10 of the 12 samples tested. This 
indicates that internal infection of the seed itsell, as distinguished from 
invasion of the hull or husk, is rather common. The principal molds 
isolated from the carvopsis, in order of prevalence, were Aspergillus 
glaucus, A. niger, Curvularia, Penicillium, and Fusarium. Most of the 
other fungi that were found in the seeds by the technics described above 
were found also in a few of the seeds in most of the samples tested. 
It is of interest that A. glaucus, the principal fungus involved in the 
deterioration of seeds whose moisture content is in equilibrium with a 
relative humidity of 65 to 75°;, was the most prevalent fungus within 
the carvopsis of the rice seeds. 

Microscopic Examination of Pericarps. Mycelium was present on 
the inner side of the pericarp of all seeds of all lots. Such evidence by 
itself indicates only that fungus invasion of the carvopsis of rice seed 
is prevalent; combined with evidence obtained from the different cul- 
ture technics, it suggests that various molds are likely to be well 


established in rice seed when it goes into storage, and that they persist 


for some time as dormant mycelium not only within the hull but also 
within the pericarp. 
Storage Tests. Phe mold counts of rice seed stored in closed bottles 


at four moisture contents and four temperatures for 21 days are sum- 
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marized in Table Il. Judging from these results, the critical moisture 
content for the growth of molds on rice is somewhere between 14 and 
16°). 

The samples in closed bottles at room temperature were kept lor 
96 days, and the moisture content, viabilitv, and mold count deter- 


rABLE II 


Errecr or CONTENT AND TEMPERATURE ON THE MoLtp Count 
or Rick SEED Srorep FOR 21 Days 


12 33,000 39 000 18,000 
14 $15,000 37,000 11,000 
16 10,000 26,000 58, 129,000 
18 23,000 25,000 70,000 304,000 


Original mold int approximately 40,000 per g 


mined. The results are given in Table II1. The moisture content ot 


all samples was somewhat higher at the conclusion of the test than at 


the beginning. At the two lower moisture contents the mold count 
had decreased to less than one-twentieth of the original. At 16.347 
moisture, Aspergillus glaucus made up 100° of the count, and at 
19.1°; moisture Candida pseudotropicalis comprised 100°; of the count. 


TABLE III 


Evrecr or Moisture Content on Motp Counr anp VIABILITY oF Rick SEED 
STORED IN SEALED BorrLtes AT RoomM TEMPERATURE FOR 96 Days! 


nt Made bh 


1400 

1800 

720,000 
6,320,000 100 


itel 10.000 per 


Phe mold counts at both of the higher moisture contents were very 
much higher than the original ones, and the viability of the seed was 
lower. 

Aliquots of 50 ¢. each of rice seed were stored tor 18 days in aerated 
bottles at constant relative humidities to maintain moisture contents 
in the seed of 15.3 to 18.96,. Mold counts and viability of the seed 


: f 
Vol. 29 
Temperature “1 
Moisture ( tent 
vet wt 
16-73 
molds per g. 
| 
qi 
Percentage of Mold Co 
Moisture Viabilit M ( 
Content 
13.6 95 43 14 13 
14.3 11 78 11 
a 16.3 67 100 
19.1 35 
Original mold count approxi 
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TABLE IV 


Errect oF MoistuRE CONTENT ON VIABILITY AND MoLp Count oF RICE 
STORED FOR 18 Days IN AERATED CONTAINERS 


Per Cent of Total Mold Count Made Up by 


Via Mold 
Aspergillus | Pe Hor mo- | Curvularia 
dendrum 

10 (before storage) 98 2500 24 5 16 5 50 
15.3 93 12,000 100 

16.7 89 360,000 100 

18.9 81 5,000,000 100 


are given in Table IV. In this test the mold count increased and the 
viability of the seed decreased slightly at a moisture content of 15.3°¢. 
At the higher moisture contents the increase in mold count and decrease 
in viability were both more marked. In all of the aerated sampies 
Aspergillus glaucus comprised 100°) of the count. 


Discussion 


The kinds of fungi on and within samples of rice seed from the 
southern United States and from Surinam, South America were, in 
general, very similar to those found in other kinds of agricultural seeds, 
with the exception that Curvularia was considerably more prevalent. 

Some of the samples of rice seed had a high count of Aspergillus 
glaucus, a group species that is known to infect seeds and other mate- 
rials whose moisture content is in equilibrium with a relative humidity 
of 65 to 75°). Its presence in fairly large numbers in some of these 
samples would suggest that they had been moist enough in storage for 
this fungus to increase. The data in Table IV indicate that as A. 
glaucus increases, the viability of the seed decreases. This suggests 
that this fungus gradually weakens and kills the germ. 

The different methods used to determine moldiness of the seed, or 
the degree or extent to which the seed had been invaded by various 
molds gave different results. No one of the technics used in this study 
is presumed to give an adequate answer of the degree to which seed 
has been invaded by certain fungi. Each of them has some utility in 
determining the extent to which various portions of the seed have been 
invaded by various molds. If a given seed lot has a very high count 
of a species of fungus known to invade seed and to cause loss of viability 
in storage, this is presumptive evidence that the seed is deteriorating 
or has already deteriorated. If the technics further disclose that a 
given mold is present in the hull or husk, but not in the caryopsis, it 
can be presumed that no really serious deterioration has occurred. — If 
a fungus known to grow at the moisture contents normally encountered 
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in storage is found in the caryopsis of a large proportion of the seeds, 
and if the total count is high, and the viability of the seed is below 
normal, it may be presumed that this lot of seed is a poor storage risk. 


they might be of value for many kinds of seed. 
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present there is no microbiological evaluation of any agricultural 


seed when it goes into storage. If practical methods of microbiological 
evaluation of the quality and storability of seeds could be developed, 
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ABSENCE OF MESO INOSITOL IN PURIFIED AMYLASE 
PREPARATIONS FROM DIFFERENT SOURCES ! 


Mary L. CALpWELL,? Nora Larson,’ and Betty Huston 4 


ABSTRACT 


A number of amylase preparations from different sources have been 
assayed for inositol by a microbiological method. No trace of inositol was 
found in crystalline pancreatic amylase; in highly purified preparations of 
beta amylase from barley; in those of taka amylase, the alpha amylase 
formed by the mold Aspergillus oryzae; or in those of gluc amylase, a glucose 
forming amylase produced by the mold Rhizopus delemar. Inositol was 
present in pancreatin and in unpurified extracts and concentrates used as 
sources of the amylases. This inositol was separated from the amylases 
during their purification. 

No evidence has been obtained that inositol has any influence upon 
the stability or upon the activity of any of the amylases investigated. 


In 1944, Williams, Schlenk, and Eppright (17) reported the pres- 


ence of i-inositol in preparations of purified pancreatic amylase. In 
1948, Lane and Williams (10) reported indirect confirmatory evidence 
for this finding. In 1949, Fischer and Bernfeld (8) reported the 
absence of inositol in their crystalline pancreatic and salivary amylases. 


In view of these reports and of the importance of the general subject 
of the function of inositol in nature, it seemed worthwhile to assay a 
number of amylase preparations from different sources for inositol and 
also to ascertain whether the activities or the stabilities of highly 
purified amylases might be influenced by the presence of inositol. 

Highly purified crystalline pancreatic amylase (4), prepared by a 
method quite different from that reported by Meyer et al. (11, 12), 
was assayed for inositol. Also assayed for inositol were highly purified 
preparations of an amylase from Aspergillus oryzae, taka amylase (6, 
9), of beta amylase from barley (5) and of a glucose forming amylase 
from Rhizopus delemar, gluc amylase (13). For comparison, assays 
for inositol were also carried out with pancreatin from which the 
crystalline pancreatic amylase had been prepared and with crude con- 
centrates and partially purified preparations of the other amylases 
studied. 


! Manuscript received April 7, 1952. 

? Professor of Chemistry, Columbia University, New York 27, New York. 

> Research Assistant. Present address, The Hormel Institute, University of Minnesota. 
Research Assistant. 
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MESO INOSITOL 


Materials and Methods 


Inositol was determined by a slight modification of the microbio- 
logical assay procedure described by Atkin, Schultz ef al. (1, 2, 3) 
using yeast culture No. 4228, a strain of Saccharomyces carlsbergensis 
whose growth responds to the presence of inositol in the medium. 
The procedure recommended by Atkin, Schultz et a/. (1, 2, 3) was 
changed in these respects: an Evelyn photoelectric colorimeter (7) 
instead of a Lumetron 400 was used for measuring the turbidities of 
the yeast cultures; measurements of the turbidities were made 15 
hours after incubation and the readings were recorded as per cent 
transmission of light. The filter was number 440. Sucrose was used 
in the medium instead of dextrose. Under the conditions of these 


experiments, results with sucrose were more consistently reproducible 
than those with dextrose. 


The calculation of results was based upon standard control curves, 


prepared daily for the growth of the yeast incubated with increasing 


concentrations of inositol. Before being assayed for inositol, the 


amylase preparations were subjected either to autolysis, under a layer 


of benzene, with subsequent treatment with acetic acid as recom- 
mended by Williams ef al. (18, 19) or to hydrolysis with hydrochloric 
acid as recommended by Atkin, Schultz et al. (1). 


Results and Discussion 


Reference Curves with Inositol. Typical reference control curves 
obtained with veast cultures incubated with increasing concentrations 
of inositol and obtained at different times are given in Fig. 1. These 
curves emphasize the need for the daily control curve (3, 18, 19). 

Control measurements with solutions of inositol, containing 100 
mg. inositol per 100 ml., showed that the autolysis or the hydrolysis 
treatments of the amylase preparations would have no effect upon any 
inositol they might contain. 


Pancreatic Amylase. Hog pancreatin, finely ground defatted pan- 
creas glands from the hog, was assayed for inositol. It was found to 
contain an average of 5 ug. of inositol per mg. if assayed after autolysis 
(18, 19), and an average of 7 ug. per mg. if assayed after hydrolysis 
with hydrochloric acid (1). No evidence of inhibition of the growth 
of the yeast was observed with autolyzed or with hydrolyzed pan- 
creatin. Inositol added to the medium with autolyzed or with hydro- 
lyzed pancreatin was accounted for quantitatively in the subsequent 
assay. 

Highly active crystalline pancreatic amylase (4, 14, 15, 16) obtained 
from the pancreatin referred to above, gave no evidence of the presence 
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Fic. 1. Growth, 15 hours after incubation, of yeast No. 4228, on inositol free medium and on that 
medium treated with increasing concentrations of inositol, Curves are for cultures grown on different 
days 


of inositol either after autolysis (Table 1) or after hydrolysis with 
hydrochloric acid (Table I1). Inositol could be accounted for quan- 


titatively if added to the medium with the autolyzed crystalline pan- 
creatic amylase (Table 1). 


TABLE I 


Assay FOR INosIToL OF CRYSTALLINE PANCREATIC AMYLASE! AFTER AUTOLYsIS. 
GrowTtH oF YEAST No. 4228 


Inositol Added Autolyzed 
per Tube Amylase 


The crystalline pancreatic amylase (4) produced 16,000 times its weight of maltose equivalents i 
30 minutes at 40° from 1°) starch (14) at a concentration of 1.3 K 10°° mg. amylase per mg. starch. 
Crystalline pancreatic amylase that had been hydrolyzed with 
hydrochloric acid caused a slight inhibition of the growth of the yeast 
(Table 11). This inhibition presumably was caused by an amino acid 
or amino acids set free during the hydrolysis of the amylase (4). 
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Inositol 
Total Present in Amylase 
n MA mes. ME. MZ 
1 0 0 0 0 
2 0 | 0.54 0 0 a 
3 0 1.08 0 0 7 
+ 0 1.62 
5 4 0 4.0 0 - 
6 4 0.54 3.4 0 
7 | 4 1.08 3.8 0 
8 } 4 1.62 } 3.8 0 
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TABLE II 


Assay FOR INOSITOL OF CRYSTALLINE PANCREATIC AMYLASE AFTER HYDROLYSIS 
witH HyprocnLoric Acip. GrowtH or Yeast No. 4228 


Inositol 
Inositol Hydrolyzed 
aes per Tube Amylase 


Present in Amylase 


wre 


Although this inhibition interfered with the quantitative determination 
of inositol added to the medium in the presence of the hydrolyzed 
amylase, it did not obscure entirely the evidence that inositol was pres- 
ent. Therefore, it was concluded that crystalline pancreatic amylase 
contains no inositol, free or combined, that is demonstrable by this 
microbiological method. Fischer and Bernfeld (8) also did not find 
inositol in their crystalline pancreatic amylase. 

Preparations of Highly Purified Alpha Amylase from Aspergillus 
orycae, Taka Amylase. Commercial concentrates of amylase from ex- 
tracts of the mold, Aspergillus oryzae, were assayed for inositol. They 
averaged approximately 10 yg. inositol per mg. of concentrate. On 


TABLE III 


Assay FOR INOsITOL OF HIGHLY PURIFIED AMYLASE FROM Aspergillus oryzae’. 
GrowtH OF YEAst No. 4228 


' The purified taka amylase (9) produced 2,200 times its weight of maltose equivalents in 30 minutes 


at 40° trom starch at a concentration of 9.04 K 10°~5 mg. per mg. starch 


466 
no Me mR ue ME. ME 
0 0 0 0 
0 0.46 0 0 
Bee 0 0.92 0 0 
¢ 0 1.38 0 0 
0 1.84 0 0 
+4 4 0 4.0 0 
Ae 4 0.46 3.0 0 
4 0.92 2.3 0 
9 4 1.38 1.5 0 
; 10 4 1.84 1.3 0 
| 
\utolyzed inositol 
Amylase 
Inositol Added 
Tube Preparation 
ie { per Tube Added Present in 
{ Tube Total Amylase 
Preparatio 
0 0 0 0 
0 0.59 0 0 
0 1.18 0 0 
0 1.77 0 0 
. 4 0 4 0 
4 0.59 3.5 0 
$ 1.18 3.5 0 
4 1.77 4.2 0 
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the other hand, preparations of highly purified alpha amylase, taka 
amylase, obtained from these concentrates (9) gave no evidence of the 
presence of inositol even when concentrations as high as 7.7 mg. of the 
autolyzed or hydrolyzed preparations were used for the assay. In 
this case, there was no inhibition of growth of the yeast by the auto- 
lyzed or by the hydrolyzed amylase preparations, and inositol added 
to the medium was accounted for quantitatively in the assay. Typical 
data are given in Table III. 

Preparations of Highly Purified Gluc Amylase, Obtained from Ex- 
tracts of Rhizopus delemar. Commercial concentrates of amylase from 
extracts of the mold, Rhizopus delemar, were assayed for inositol. 
They averaged approximately 11 yg. inositol per mg. of concentrate. 
On the other hand, preparations of highly purified gluc amylase, a 
glucose forming amylase (13) obtained from these concentrates, gave 
no evidence of the presence of inositol even when 9.5 mg. of the prepa- 
Typical data are given in Table IV. 


ration were used for the assay. 


TABLE IV 


Assay FoR INosiroL OF HIGHLY PuRIFIED GLUC AMYLASE! FROM Rhizopus 
delemar. GROWTH OF YEAST No, 4228 


Autolyzed 

Amylase 
Preparation Inositol 

Tube Added Found j 


no me. 
1 0 
2 3.17 0 
3 6.24 0 
4 9.51 0 


1 The highly purified gluc amylase (13) produced 500 times its weight of glucose from 1°) starch 


in 30 minutes at 40° (13) at a concentration of 5.7 X 10-4 mg. per’ mg. starch 


Highly Purified Beta Amylase. A preparation of highly purified | 
beta amylase (5) also was assayed for inositol. This preparation had ae 
an exceedingly high amylase activity and produced 12,000 times its 14° 
weight of maltose from 1°) starch in 30 minutes at 40°C. at a dilution | 


of 1.8 X 10-° mg. amylase preparation per mg. starch. Concentra- 
tions of 1 mg. of this beta amylase preparation in the yeast cultures 
had no appreciable influence on the growth of the yeast; they gave no 
evidence of the presence of inositol. Higher concentrations of the 
amylase preparations could not be assayed for inositol by the method 
employed because they caused the formation in the yeast cultures of 
precipitates that interfered with the turbidity measurements of the 
growth of the yeast. 

Stability and Activity. Solutions of crystalline pancreatic amylase, 
(4), and solutions of highly purified preparations of taka amylase (9) or 
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of beta amylase (5) were held at unfavorable temperatures and at un- 
favorable hydrogen ion activities in the presence and in the absence of 


inositol. In each case, the same losses of amylase activity occurred in 


the presence and in the absence of inositol. Therefore, it is concluded 
that inositol has no appreciable influence upon the stability of these 
amylases when they are exposed to these unfavorable conditions. 
Similarly, hydrolyses of starch in the presence and in the absence of 
inositol led to the conclusion that inositol does not influence the action 
of these amylases. The inositol that accompanies these amylases in 
nature does not appear to be essential to their action or stability. In 
this connection, it is of interest to note that Schwimmer and Balls (20) 


found that inositol was absent from and had no influence on crystalline 
malt alpha amylase. 
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THE DETERMINATION OF PANTOTHENIC ACID 
IN WHEAT 


Fawzi Y. Rerar? and Byron S. MILLER 


ABSTRACT 


The assay of calcium pantothenate in 16 varieties of wheat representing 
eight species grown under similar environmental conditions, was performed 
using a modified chemical method as well as the generally accepted micro- 
biological assay method. The modification of the chemical method con- 
sisted of the extraction of the pantothenates from wheat with methanol 
instead of water. Possible interfering compounds such as sterols and certain 
fat-soluble vitamins, which are soluble in methanol and which vield insoluble 
hydrazones after oxidation with potassium permanganate, had no effect on 
the analysis of calcium pantothenate under the conditions employed. 
Recovery of added calcium pantothenate using the modified chemical method 
averaged 98.9%. A comparison of the mean difference in the assay values 
obtained by the two methods showed that the chemical method yielded 
consistently higher results (averaging 3°). The range of calcium panto- 
thenate in the samples assayed was 8.9 to 20.6 ug./g. of wheat. Significant 
differences were found in the calcium pantothenate content of different 
species and of different varieties within species. 


During the last few years pantothenic acid has drawn the increasing 
attention of scientists due to its role in intermediary metabolism. 
Pantothenic acid is known to occur in nature in several forms. These 


include free pantothenic acid, coenzyme A, pantothenic acid conjugate, 


1 Manuscript received April 2, 1952. Cooperative investigations between the Division of Cereal 
Crops and Diseases, Bureau of Plant Industry, Soils and Agricultural Engineering, Agricultural 
Research Administration, U. S. Department of Agriculture, and the Department of Flour and Feed 
Milling Industries, Kansas Agricultural Experiment Station. Contribution No. 207. Department of 
Flour and Feed Milling Industries, Kansas Agricultural Experiment Station. 

2 Chemical Section, Ministry of Agriculture, Cairo, Fgypt. Presently a member of an Egyptian 
Official Mission for graduate study at Kansas State College. 
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protein-bound pantothenic acid and various forms which do not have 
coenzyme A activity. 

Biological and microbiological methods are widely accepted for 
pantothenic acid assay. As shown by Lipmann ef a/. (5) coenzyme A 
is not broken down to release pantothenic acid by any means except 
autolysis, treatment with intestinal phosphatase and pigeon or chick 
liver extract. Both enzymes are essential since it has been shown 
that 20 to 30°% of the pantothenates is released by dephosphorylation 
and about 70% by the action of freshly prepared extract of chick liver 
acetone powder (8). Using this technic, free pantothenic acid is 
released from the bound forms and the microbiological assay values 
are in agreement with those obtained by biological assay. 

Recently Szalkowski, Mader and Frediani (13) developed a chem- 
ical method of analysis based on the hydrolysis of calcium pantothenate 
and its cleavage to beta alanine and alpha, gamma-dihydroxy-beta, 
beta-dimethylbutyric acid. Beta alanine, when oxidized with potas- 
sium permanganate in the presence of potassium bromide under prop- 
erly regulated conditions, yields an insoluble hydrazone upon treat- 
ment with 2,4-dinitrophenylhydrazine. The calcium pantothenate is 
estimated by dissolving the dinitrophenylhydrazone in pyridine, dilut- 
ing with sodium hydroxide and measuring the resulting blue color 
spectrophotometrically at 570 my. Certain interfering compounds, 
with the exception of ascorbic acid, are eliminated by chromatographic 
adsorption on an aluminum oxide column (13). 

Che vitamin content of wheat is known to vary with the variety 
and environmental conditions. Several workers (1, 2, 4, 6, 7, 11, 14) 
have determined the calcium pantothenate content of wheat and wheat 
products employing either biological or microbiological methods of 
assay. It has been the object of this work to determine by chemical 
as well.as_microbiological methods the calcium pantothenate content 
of several species and varieties of wheat grown under comparable 


environmental conditions. 


Materials and Methods 


Sixteen samples of wheat comprising eight species from the 1950 
crop grown at Brawley, California, under comparable environmental 
conditions were assayed for calcium pantothenate. The samples were 
prepared for assay by grinding in a Wiley mill to pass a 1 mm. wire 
screen, 

The chemical method used in this work was the same as that out- 
lined by Szalkowski et al. (13) except that methanol was used to 
extract the pantothenates. Three portions of wheat, 8, 12, and 16 
Each portion was suspended in 100 ml. 


g., were extracted separately, 
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of absolute methanol, shaken vigorously and centrifuged for 10 minutes 
or until a clear solution was obtained. A 25 ml. aliquot of the clear 
solution was chromatographed, eluted with 18 N sulphuric acid, oxi- 
dized and measured as described by Szalkowski et a/. (13). A typical 
standard curve obtained for pure calcium pantothenate using the modi- 
fied chemical method, is shown in Fig. 1. Calcium pantothenate used 
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for preparing the calibration curve for both the chemical and micro- 
biological methods was obtained from Merck and Co., Inc. 

The microbiological method outlined by Skeggs and Wright (9) 
was used without modification. The test organism, L. arabinosus 
17-5, was obtained from the American Type Culture Collection, 
Georgetown University, School of Medicine, Washington, D.C. Pan- 
tothenates were released by digesting wheat samples with alkaline 
phosphatase and chicken liver extract (8). The enzyme preparation 
contributed as much as 1.10 yg. of calcium pantothenate in 0.05 ml. 
of liver extract, or 0.011 ug. per each assay. This was equivalent to 
about 25° of the calcium pantothenate content of the wheat sample. 
A typical calibration curve is shown in Fig. 2. 


Results and Discussions 


Calcium pantothenate was determined in a trial sample of wheat 
using the chemical method outlined by Szalkowski et al. (13). The 
amount of calcium pantothenate thus measured was about 500 ug. /¢g. 
of wheat, although values reported in the literature ranged between 
5 and 19 we./g. (1, 2, 4, 6, 7, 11, 14). This high result indicated the 
possible interference of compounds such as carbohydrates, thiamine 
hydrochloride, niacin and niacinamide (13). The presence of carbo- 
hydrate material in the chromatographic column was demonstrated by 
a positive Molisch test and by the development of a dark brown color 
on boiling the eluate with the sulphuric acid used to hydrolyze the 
calcium pantothenate. 

The calcium salts of pantothenic acid have been described by 
Stiller ef al. (10) as microcrystalline, hygroscopic powders which are 
readily soluble in water and the lower alcohols. Ford (3) observed 
that calcium pantothenate was soluble to the extent of more than 
50 ¢. 100 ml. of methanol. Methanol instead of water was used, 
therefore, to extract the pantothenates from wheat. No data are 
available concerning the solubility of pantothenic acid derivatives in 
methanol. 

Certain sterols and fat-soluble vitamins are soluble in methanol 
and yield insoluble dinitrophenylhydrazones after oxidation with potas- 
sium permanganate. However, cereals are poor sources for the fat- 
soluble vitamins A and Kk; furthermore, these vitamins together with 
carotenoids, although soluble in methanol, are not adsorbed on the 
alumina column due to the higher polarity of methanol (12). To test 
the effect of soluble lipid material on the results, a 10 g. sample of 
wheat was extracted with petroleum ether, and the extract dissolved 
in 15 ml. of methanol. Aliquots of this solution were added to both 
wheat and the calcium pantothenate standard solution. The results 
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obtained showed that petroleum ether-soluble lipid material did not 
affect the determination of calcium pantothenate in wheat. 

The recovery of calcium pantothenate, using different levels of both 
wheat and calcium pantothenate and the chemical method of analysis, 
was 98.9 + 2.9°7 for three different analyses. The standard error 
of a single determination based on nine determinations of pure calcium 
pantothenate solution containing 80 yg./ml. was 3.13 ywg./ml. The 
standard error based on seven determinations of calcium pantothenate 
contained in 8 g. of wheat (144.32 ug.) was 6.5 ug. 

The calcium pantothenate content of the different species of wheat 
as determined by both the chemical and microbiological methods is 
recorded in Table I. Chemical values are the average of three sep- 
arate analyses of three different levels in duplicate. The microbio- 
logical values are the average of two analyses each made with four 
different levels in duplicate. 

TABLE I 
THE CaLciuM PANTOTHENATE CONTENT OF WHOLE WHEAT 


Calcium Panthothenate! 


Crude | 
Protein! | 


Species and Varieties of Wheat M 
“*hemic | icro | 

| biological Difference 
— | Method | 


| 


T. monococcum 

T. diococcum, vernal 

T. orientale 

T. pyramidale 

T. persicum 

T. durum 
Stewart 
Pentad 

T. sphaerococcum 

T. vulgare 
Baart (white) 
Federation (white) 
Dawson (white) 
Thatcher (Hard Red Spring) 
Marquis (Hard Red Spring) 
Trumbull (Soft Red Winter) 
Comanche (Hard Red Winter) 
Red Chief (Hard Red Winter) 


Neon 


— 
wh 


WoO 


ASO 


! Expressed on a 14.0° moisture basis. 


All results were subjected to a statistical analysis. None of the 
tested sources of variation other than species and varieties within 
species showed any significant effects for the chemical method of 
determination. For the microbiological method—species, variety in 
species and the interaction of variety in species X levels were signifi- 
cant. This interaction indicated that the relative differences among 
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the varieties were not consistent from one level to another and suggests 
a disadvantage of the microbiological method. 


A comparison of the mean differences between the two methods 
(Table 1) shows that the chemical method yields consistently higher 
values. The difference ranged from 0.5 to 10°% of the mean, with the 
average difference being about 3°}. 


The comparison of the estimates of variance for the corresponding 
sources of variation for the two methods showed homogeneity, which 
permitted combination of the entire set of results into a single analysis 
of variance. In the pooled analysis, the mean square between methods 
was considerably larger than any of the estimates of variance involving 
the interactions of sampling with other variables. This indicates that 
the likelihood of obtaining such differences due to chance variation is 


exceedingly small. Differences due to species and to varieties within 


species were also highly significant. 


TABLE II 


CaLciuM PANTOTHENATE CONTENT IN WHEAT AS DETERMINED 
BY DIFFERENT WORKERS 


This work Chemical 


8.9-20.6 16 Microbiological 


Atkin et al. (1) 8.3- 8.9 3 Microbiological 
Cheldelin & Williams (2) 13.1 1 Microbiological 
Jukes ) $7.2 2 Chick assay 

Loy (6) 98 1 Microbiological 
Moran & Drummond (7) L 1 Microbiological 
Strong et al. (11) 9.0 1 Microbiological 
Teply et al. (14) 9.9-19.0 55 Microbiological 


It has been known that the enzymatic treatment employed prior 


to microbiological assay releases all the bound forms of pantothenic 


acid (8), thus making free pantothenic acid available for the micro- 
organism. The similar results obtained by the chemical method 
appear to indicate the solubility in methanol of the free as well as the 
bound forms of pantothenic acid. The somewhat higher results ob- 
tained for the chemical method may indicate the presence of other 
compounds which are soluble in methanol and which give the same 
color test. Further investigation is needed to test the solubility in 
methanol of bound forms of pantothenic acid and the insolubility of 
other beta alanine derivatives. 


A comparison of the results obtained in this investigation and those 
reported in the literature is shown in Table II. Teply et a/. (14) found 
that neither varietal nor environmental differences had any significant 
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effect on the amount of calcium pantothenate present in four varieties 
of dark hard winter wheat grown at four locations. Values for mis- 
cellaneous varieties representing all classes of 7. vulgare grown in 
Kansas, Minnesota, Oklahoma, Texas and Washington indicated that 
genetic differences were of little consequence in affecting the calcium 
pantothenate content of soft red winter wheat, while environmental 
differences had considerable effect. 

The quantities of calcium pantothenate obtained in the present 
work by both the chemical and microbiological methods of analysis 
agree well with the values reported by Teply et al. (14). Values 
reported by other workers (1, 2, 4, 6, 7, 11) are also in good agreement. 
The largest sources of variation in the results were those due to the 
ditferences between species and between varieties within species. Since 


these samples were grown under the same environmental conditions, 
the large differences between the calcium pantothenate content of the 


species and varieties within species may be due to genetic variation. 
Further work should be done employing selected species and varieties 
grown at several locations for a number of vears. 


Literature Cited 


. Arkin, L., Witttams, W. L., Scuuttz, A. S., and Frey, C. N. Yeast micro- 
biological methods for determination of vitamins. Ind. and Eng. Chem., 
Anal. Ed. 16: 67-71 (1944). 

. CHELDELIN, V. H., and WituiaMs, R. J. The vitamin B content of foods. 
Univ. Texas Public. No. 4237: 105-124 (1942). 

3. Forp, J. H. Crystalline racemic calcium pantothenate. J. Am. Chem. Soc. 
68: 1666-1668 (1946). 

. Jukes, T. H. The distribution of pantothenic acid in certain products of 
natural origin. J. Nutr. 21: 193-200 (1941). 

5. Lipmann, F., Kaptan, N. O., G. D., TuttLte, L. Constance, and 
GUIRARD, BEVERLY M. Coenzyme for acetylation: A pantothenic acid deriv- 
ative. J. Biol. Chem. 167: 869-870 (1947). 

. Loy, H. W., Jr. Report on pantothenic acid. J. Assoc. Offic. Agr. Chemists. 
28: 567-571 (1945). 

Moran, T., and DrumMMonD, J. Scientitic basis of 80°% extractior. flour. Lancet 
248: 698-699 (1945). 

Nove.u, G. D., Kapitan, N. O., and Lipmann, F. The liberation of panto- 
thenic acid from coenzyme A. J. Biol. Chem. 177: 97-107 (1949). 

. SkecGs, HELEN R., and Wricnut, L. D. The use of L. arbinosus in the micro- 
biological determination of pantothenic acid. J. Biol. Chem. 156: 21-26 
(1944). 

. STILLER, E. T., Keresztesy, J. C., and FINKELSTEIN, J. Pantothenic acid. VI. 
The isolation and structure of the lactone moiety. J. Am. Chem. Soc. 62: 
1779-1784 (1940). 

. StroNG, F. M., Feeney, R. E., and Earte, ANN. Microbiological assay for 
pantothenic acid. Ind. and Eng. Chem., Anal. Ed. 13: 566-570 (1941). 

2. Strain, H. H. Chromatographic adsorption analysis. Interscience Pub., Inc., 
N. Y. pp. 97, 103 and 130 (1945). 

. SZALKOwSKI, C. R., MADER, W. J., and Freptani, H. A. Chemical determina- 
tion of calcium pantothenate. Cereal Chem. 28: 218-225 (1951). 

. Terry, L. J., StronG, F. M., and E_venyem, C. A. Nicotinic acid, pantothenic 
acid and pyridoxine in wheat and wheat products. J. Nutr. 24: 167-174 
(1942). 


| 
y 
| 
I 
4 
1 
1 
% 


A NOTE ON THE INFLUENCE OF CHLORINE DIOXIDE ON 
THE SOLUBILITY OF THE WHEAT FLOUR PROTEINS'! 


J. 


Jacoss 


Several years ago Jorgensen (1) reported that the addition of rela- 
tively large quantities of potassium bromate to wheat flour depresses 
the solubility of the flour proteins in water, and he posiulated that the 
; action of this reagent as a flour improver is related to this phenomenon. 
Chlorine dioxide has come into extensive use as a flour improver and 


experiments were undertaken to determine whether it also decreases 
flour protein solubility. 


The experiments were conducted with two untreated flours (76% 
extraction) of the following composition: 


Flour Composition 


Sample (14°% moisture basis) 
No. Nature of Wheat Mix Protein Ash 
1 65°, hard winter, 10°% Northern spring, 9.8 0.63 
25% Dutch 
2 65°, hard winter, 5©% Northern spring, 10.2 0.62 


12°, Hungarian, 9% Australian, 9©% Dutch 


Fiftv-gram samples of each flour were treated in duplicate with 
varving levels of chlorine dioxide employing a slight modification of 
the method described by Parker and Fortmann (2). The chlorine 
dioxide, generated by interacting solutions of ammonium persulfate 
and sodium chlorite, was aspirated over the flour contained in a hori- 
zontal glass tube (40 & 2.5 cm.). The amount of chlorine dioxide 
used was determined by titration of the generating solution with acidi- 
fied potassium iodide solution before and after aspiration. The water- 
soluble proteins were extracted by immersing glass tubes (26 X 2.8 
cm.) containing 10 g. of flour dispersed in 50 ml. of water in a thermo- 
stat at 30°C. The tubes were shaken at 20 minute intervals and after 
one hour, 50 ml. additional water was added, the tubes shaken, cooled 
to about 15°C. and, after settling, the solids were removed by centrifu- 
gation and filtration. The nitrogen content of 25 ml. of the clear 
filtrate was determined by the Kjeldahl procedure. The pH of several 
of the extracts was measured and the diastatic activity of a number 
of the flour samples was determined by the method described by van 
der Lee (3). 


1 Manuscript received December 28, 195 
*N.V. Meelfabrieken der Nederlandsche Bakkerij, Rotterdam, Holland, 
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TABLE I 


EFFECT OF TREATMENTS WITH CHLORINE DIOXIDE ON THE WATER-SOLUBILITY 
OF THE FLOUR PROTEINS 


Water-Soluble Proteins 


Chlorine Per Cent of Total Maltose Figure | pH 
Dioxide | 
Flour 1 Flour 2 Flour 1 Flour 2 Flour 1 Flour 2 
g./100 Re 
0.0 14.8 14.7 2.6 1.9 6.12 5.85 
1.5 15.0 - 
3.0 14.7 2.6 1.9 - 
6.0 14.9 14.2 ~ - 
9.0 14.7 14.2 
18.0 15.2 14.7 - 
30.0 15.8 15.4 — 5.80 5.76 
90.0 16.5 17.0 y Be 1.7 5.80 5.70 


The results of these tests (Table |) show that high dosages of chlo- 
rine dioxide increase the water-solubility of the flour proteins. This 
increase is evident at a treatment of 30 g./100 kg., which is approxi- 
mately a fifteen-fold excess of the optimal treatment of these flours 
for baking purposes. With these high treatments, the flour assumed 
a faint pink color. These data are in marked contrast to the effect 
of potassium bromate found by Jorgensen. Potassium bromate de- 
pressed the protein solubility when dosages of from 60 to 200 times the 
optimal levels for flour improvement were used. 

The diastatic activity of the flours was not influenced by chlorine 
dioxide and the pH decreased only very slightly, even after adding 
excessive amounts. 
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COMMUNICATION TO THE EDITOR 


A Paper Chromatography Method for Quantitative Determination of 
Cystine in Wheat Gliadin Hydrolysates' 


Dear Sir: 


Recently a method * has been developed for the quantitative esti- 
mation of amino acids after paper chromatography separation, based 
on the localization of the spot corresponding to each amino acid by 
ultraviolet fluorescence, cutting out the spots, and development of the 
ninhydrin color reaction when the piece of paper with the amino acid 
is immersed in suitable amount of liquid in a small volumetric flask. 

This method may easily be applied to the determination of cystine- 
cysteine in proteins, for instance in hydrolysates of wheat gliadin. — Its 
chief advantages are its simplicity and the possibility of performing at 
the same time a series of routine determinations on other amino acids. 

A one-dimensional paper chromatography suffices for the estima- 
tion of cystine, since this amino acid easily separates from the others 
using as solvent water saturated butanol-acetic acid (4:1). With this 
solvent and under the conditions used the Ry values for cystine and 
cysteine are respectively 0.12 and 0.13, while the other amino acids 
have greater values, the next one being that for Ivsine, whose Re is 
0.17. 

Cystine determinations of wheat gliadin may be performed as 
follows. 

One gram of the protein is hydrolyzed by refluxing with 20 ml. of 
5 NV hydrochloric acid for about 30 hours, the exact time being ascer- 
tained either by Van Slyke amino nitrogen determination or by cystine 
estimation untila maximum value is reached. The excess hydrochloric 
acid is removed by concentration of the hydrolysate under reduced 
pressure at a temperature of not more than 50°C., until a thick sirup 
results, the process being repeated twice. The sirup is then quantita- 
tively transferred to a 25 ml. volumetric flask and kept in a refrigerator. 

For the chromatography we employ Whatman No. 2 filter paper 
sheets in a box of 75 X 75 K 20 cm. A series of sheets is placed 
side by side, suspended from glass clips and the solvent is allowed to 


Work done at the Instituto de Zoologia, Universidade de Coimbra, and aided in part by a grant 
from the Instituto para Alta Cultura, Lisboa 
? Pereira, A.. and Serra. J. A. Quantitative microdetermination of amino acids after paper 
chromatography Science 113: 387-388 (1951 
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ascend by capillarity. The solution with the amino acids is placed 
as a small measured droplet at a distance of 5 cm. from the bottom of 
the sheet; 0.1 ml. and 0.001 ml. divided, precision grade pipettes are 
employed for this purpose, a quantity of solution of 5, 10 or 15 ul. 
being used for each single determination. 

A series of measured droplets are placed at 4 or 5 cm. intervals so 
that a sheet of 40 cm. allows simultaneously 7 or 8 determinations. 
Drops of the hydrolysate are alternated with drops of a standard 
solution. This latter is made by dissolving known amounts of cystine 
and the other amino acids in about the same concentrations as in the 
hydrolysate of the protein. Of course, each determination is made at 
least in duplicate but it is better to perform three or four determina- 
tions simultaneously and to obtain the mean. 

The drops are allowed to dry at room temperature and the sheet 
is then hung in the solvent saturated chromatography box, with the 
bottom immersed 0.5 cm. in the solvent. The solvent is prepared by 
saturating a mixture of 4 volumes of butanol and 1 volume of glacial 
acetic acid with water. 

A time of 48-60 hours development and a 32-36 cm. solvent 
boundary dislocation were found satisfactory for cystine-cysteine sep- 
aration from the mixture. Afterwards the sheets are air dried for 
24 hours at room temperature with the aid of a fan to eliminate all the 
solvent. The sheets are then heated in an oven at 80-100°C. for not 
more than 5 minutes. 

The method of Pereira and Serra? is then applied. As the cystine- 
cysteine possesses an Rp very different from that of the other amino 
acids, no difficulty is generally encountered in marking the corre- 
sponding spot. However, in case it is found necessary, the cystine- 
cysteine spot may easily be recognized by running side by side in the 
chromatogram, the hydrolysate and the hydrolysate with added cys- 
tine; the cystine spot appears in the latter case enlarged in relation to 
the spot of the hydrolysate only when a ninhydrin solution is sprayed 
upon the sheet. For the quantitative determination, the spot corre- 
sponding to cystine-cysteine is lightly marked under ultraviolet light 
with a pencil and cut out with the aid of scissors and a forceps (avoid 
touching it with the fingers). The spots are placed in 10 ml. dried 
volumetric flasks. The paper may be subdivided if necessary. 

For the reaction, 0.25 ml. of a recently made 1° ninhydrin solution 
in water and an equal volume of a pH 7 veronal-hydrochloric acid 
buffer is added. The buffer is prepared by mixing 5.36 vols. of 0.1 17 
sodium veronal with 4.64 vols. of 0.1 N hydrochloric acid. 

To develop the color, the glass-stoppered flasks are immersed (to 
the neck) in a bath at a temperature of 103-105°C. for 15 minutes, 
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with occasional shaking during this time. The bath is prepared by 
saturating water with common sodium chloride. After this time, the 
flasks are promptly immersed in tap water for 5 minutes and filled to 
the mark with distilled water, shaken well, and after another 5 minutes 
the color is measured in a suitable colorimeter using a 550 mu. filter. 
A Lumetron colorimeter and a microcell 2 cm. thick were employed 
for this purpose. The temperature of 103-105°C. markedly improves 
the reaction, increasing its sensitivity. 


TABLE I 
RECOVERY OF CYSTINE ADDED TO THE GLIADIN HYDROLYSATE 


Amount of Cystine | Cystine Added | Total Cystine 


in the Hydrolysate Found Recovers 
ug. ug. % 
5 2.5 7.8 104 
5 5 9.3 93 
: 10 2.5 12.7 101 
7 10 5 14.7 98 
a Mean 99 
For routine determinations, standard curves with known amounts 
cs | of cystine in a mixture of the other amino acids in proportions similar 
| to those found in the protein hydrolysate are prepared. The quantities 
a: to be determined must fall in the part of the curve in which the color 
/ 4% is proportional to the amount of cystine present. 
In order to test the accuracy of the method recovery assays were 
c performed and the results presented in Table I. 
TABLE II 
| In the Literature 
Wheat Gliadin Cystine Found N 
Cystine 
Determination 
Determination 
Determination 
Determination 3.02 
Mean 2.83 17.5 


! Baernstein, H. D. The sulfur distribution in proteins. J. Biol. Chem. 97: 669-674 (1932 
2? Bailey, K. The sulfur distribution of proteins. Biochem. J. 31: 1396-1405 (1937). 


This method has been applied to a sample of gliadin, prepared 
according to the method of Dill and Alsberg* from Quaderna wheat 


‘Dill, D. B., and Alsberg, C. L. Preparation, solubility, and specific rotation of wheat gliadin. 


J. Biol. Chem. 65: 279-304 (1925). 
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grown in the experimental fields of the Estagado Agronémica Nacional, 
Sacavém, Portugal. From the results obtained, two extremes are 


presented in Table Il, whose mean corresponds closely to the mean 
obtained from a larger series of determinations on the same sample. 
In Table il, the percentages of the amino acids, as well as the nitrogen, 
refer to the dry weight of protein. 


The mean percentage of cystine-cysteine, of 2.83, is somewhat 
greater than the values stated in the literature. The author believes 
that the difference is due to his procedure permitting smaller losses. 

Details of this work will be published elsewhere. 
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BOOK REVIEWS 


Flour for Man’s Bread. A History of Milling. By John Storck and Walter Dorwin 
Teague, illustrated by Harold Rydell. xiii + 382 pp. University of Minne- 
sota Press, Minneapolis, 1952. Price $7.50. 


Millers have long been interested in the history of their industry, and justifiably 
so. For milling and its ancillary crafts have played a major role in the evolution of 
human society in many parts of the world, and led in the grand mechanization of 
industry a century and a quarter ago. 

This volume grew out of the interest of James Ford Bell and his associates in 
the possibility of developing a museum of milling. Presently the services of the 
authors were devoted to the assembling and analysis of the great volume of literature 
and graphic records relating to milling that have been accumulated through the ages. 
This they have done effectively and well. They have traced the uses of cereals as 
food by primitive man, his early application of crude grinding appliances, of water, 
air and other sources of power, and, in due course, of many and elaborate automatic 
machines in the conversion of the seeds of certain grasses or grain into human food 
of superior quality. 

Che cosmopolitan nature of milling history becomes abundantly evident in the 
treatment here recorded. It began with primitive man, and was intimately asso- 
ciated with his determination to survive by storing food, such as cereals, for use 
during winter months and on his travels and military forays, and to improve the 
quality and delectability of his diet. Thus, men of many climes, races, and political 
persuasions contributed to the progress registered through the ages. Residents of 
\merica contributed mightily to the recent stages of development in milling tech- 
nology, including Oliver Evans, La Croix, George T. Smith, and many others. 
Likewise, the millers of the United States were effectively alert in making early and 
useful applic: ition of many of the new principles and devices developed abroad. 

The authors must have spent many busy hours in collecting all the factual 
material, and arranging it in such orderly and rational sequence for the convenience 
of the reader. They have been unusually skillful in their presentation of what might 
easily become a prosaic recital of engineering detail. The style of writing is attrac- 
tive—in certain passages well-nigh poetic. Yet the essential factual material is in 
the text, in an attractive, readable setting. Moreover, the authors have appended 
not only citations to other sources of published material, which is a tribute to their 
erudition, but a vocabulary of milling terms which facilitates reading the technical 
portions of the text. 

This review would not be complete without reference to the unique and artistic 
illustrations which adorn the text and render it more graphic. The artist, Harold 
Rydell, obviously grasped the spirit of the enterprise and made a substantial con- 
tribution thereto 

The last chapter “Looking Forward” constitutes an exciting challenge to the 
engineers and technologists of the future. The authors properly conclude that ‘‘we 
can only be sure that the story of milling has many chapters yet to be written; and 
we must wait until the future unfolds them, contident that they will be as profoundly 
significant in the record of human — as anv that can now be read.’ 

H. BalLey 
Division of Agricultural Biochemistry 
University of Minnesota 
St. Paul 1, Minnesota 


Baking Science and Technology. 2 volumes. By E. J. Pyler. 803 p. Siebel 
Publishing Company, Chicago, 1952. Price $15.00 per 2 volume set. 
These volumes summarize the scientific and technical aspects of baking, placing 
the principal emphasis on the production of bread. They follow in the footsteps of 
the preceding editions of “Siebel’s Manual for Bakers and Millers,” which repre- 
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sented pioneering efforts in the dissemination of technical information on baking 
and milling. The original manual has been completely revised and the text is 
refreshing both because of the modern concept of technology and because of freedom 
from technical and mechanical errors. 

The presentation of the subject matter follows a logical course of development, 
starting with purely theoretical considerations of basic science, progressing through 
a detailed description of baking material and ingredients to a discussion of their 
use in the production of bread, cakes, and other bakery foods. A final section is 
devoted to a discussion of the more important types of bakery equipment and 
sanitation. 

Part I, Basic Science, consists of a brief but rather complete discussion of the 
carbohydrates, fats and proteins. These three introductory chapters are followed 
by chapters discussing enzymes (with special emphasis upon amylases and proteases), 
the vitamins, yeasts, molds and bacteria, and a final chapter concerning the aspects 
of physical chemistry. Readers who have had an elementary course in chemistry 
should have no difficulty in understanding the content of these chapters. Most 
practical bakers lack such a background and may consider the introductory chapters 
too abrupt and fail to comprehend their significance. It would appear, therefore, 
that a purely introductory chapter introducing the reader to the basic concepts of 
chemistry would greatly enhance their value to the practical baker. While the 
discussions are of necessity brief, the author has been quite liberal in literature cita- 
tions so that the serious student can readily expand the basic information presented. 

Having mastered Part I, the reader should have no difficulty in continuing to 
the subject matter of Part Il. This section, Materials of Baking, includes chapters 
on wheat flour, miscellaneous flours, sugars, baking fats, milk and milk products, 
egg and egg products and water. The composition of these materials is discussed 
both in relationship to basic science and their function in the manufacture of the 
various bakery foods. 

The “non-practical baker” will tind Part III, Baking Technology, to be invalu- 
able. The various phases of bread making, such as mixing, fermentation, make up, 
and the baking process are discussed in detail. The author has collected information 
from various sources and combined the material in a manner that is a pleasure to 
read. These chapters are followed by a discussion of rye bread production and bread 
staling. The section is completed by a chapter on physic al and chemical testing 
methods. The author in this presentation discusses the origin of methods and their 
practical significance. The chapter is quite refreshing to those familiar with the 
stylized form of so many books of methods. — [t is perhaps unfortunate that a glossary 
of technical and practical terms was not included as these are frequently the cause 
of — rstanding between the technically trained man and the practical baker. 

Part IV concerns the Aspects of Cake Baking. Baking ingredients are reviewed 
with particular reference to their function in cake manufacture. The technology of 

cake baking is discussed in detail. It is in this section that the author discusses the 
shivelsiinans of both odor and taste, and the origin and processing of flavoring mate- 
rials. The section is concluded by a chapter “disc ussing the production of miscel- 
laneous baked foods 

Part V, Bakery Equipment, is not equaled in any other publication. Equipment 
necessary for the operation of the modern bakery is described in detail, in the order 
of flour-receiving through the various stages of manufacture until the baked food 
is loaded for distribution to the retail outlets. The use of brand names and trade- 
marks is somewhat unusual in technical publications but the author has dealt with 
a most difficult subject in a very satisfactory manner. The section is concluded by a 
chapter on bakery sanitation. 

These volume s will meet a need long felt in the baking industry. Although, in 
this reviewer's opinion, they are of somewhat greater value to the technically trained 
man seeking knowledge of baking technology, the practical baker who is willing to 
put forth a little extra effort will tind them extremely helpful. With introductory 
and supplementary material these volumes will serve as excellent text books for the 
study of baking technology. The volumes will be valued additions to any reference 
library. 

MEISNER 
American Institute of Baking 
Chicago, Illinois 
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Biochemical yapeatens. Vol. 2. By E. G. Ball, editor. vii + 109 pages. John 
Wiley and Sons, Inc., New York, N. Y., 1952. $3.00. 


This is the second in a series of a collection of methods for synthesizing or isolating 
compounds of biochemical interest, volume I having been published 3 years pre- 
viously. A total of 23 preparations is described, 18 of which are syntheses of bio- 
chemical compounds and 5 of which are isolation procedures. Each method is 
generally treated to include (1) the principle involved, (2) starting materials, (3) 
detailed procedure, (4) properties and purity of the product, and (5) a brief reference 
to other methods of preparation which are available. Each submitted procedure 
has been checked by an independent investigator, and the names of both submitter 
and checker are given. A particularly valuable feature of this book is the fact that 
detailed footnotes accompany the description of each method. Included in these 
footnotes are such valuable bits of information as suggested modification of the orig- 
inal procedure based on the experiences of the checker, the brand names of reagents 
and equipment, the feasibility of running larger batches than described in the text, 
and the lability of reagents and product. The methods of preparation are described 
in great clarity and with attention to detail which is not usually found in procedures 
published in biochemical journals. 

More consideration might have been given to the isolation of enzymes. Crystal- 
line lactate dehydrogenase is the only enzyme whose preparation is described in this 
volume. The mode of synthesis of organic compounds which are biochemically 
important can often be predicted on the basis of known chemical reactions, whereas 
methods of enzyme purification are largely empirical and hence the need for improved 
description and verification of details is greater. The value of this book might have 
been enhanced by the inclusion of a brief description of the biochemical importance 
of each compound whose preparation is described. For instance, it would have been 
both interesting and informative to know the biochemical significance of such com- 
pounds as DL-epi-Inosose-2 and phosphorylcholine without having to refer to other 
references for such information. 


Irvin E. LIENER 
Division of Agricultural Biochemistry 


University of Minnesota 
St. Paul 1, Minnesota 
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OTHER STERWIN PRODUCTS 
FOR THE FEED INDUSTRY 


TRIDEE® —Brand of Vitamin Ds derived 
from 7-dehydrocholestero!. Supplied in veg- 
etable oil, water dispersible carrier or free- 
flowing powder form. An essential for all 
types of poultry. Promotes normal growth, 
good bone structure, high egg production, 
strong shells and good hatchability. 
RIBOFLAVIN ENRICHMENT MIXTURE— 
A free-flowing, uniform and stable concen- 
trate that promotes growth, hatchability ond 
egg production. 


NIACIN CHOLINE CHLORIDE 
CALCIUM PANTOTHENATE 
RIBOFLAVIN THIAMINE 
PYRIDOXINE HYDROCHLORIDE 
ASCORBIC ACID AMINO ACIDS 


FOR THE MILLING INDUSTRY 
VEXTRAM *® —The Original starch base, low 
ash, free-flowing Flour-Enrichment Mixture. 
OXYLITE ® —A highly efficient and econom- 
ical flour-bleaching agent. 

STERWIN'S BROMATE MIX—A free-flow- 
ing maturing agent that is easy to handle 
and blend with flour. 


1430 BROADWAY, NEW YORK 18, NEW YORK 


to fit your feed requirements! 


Srerwin recognizes that many 
factors influence the vitamin require- 
ments of any feed—the composition 
of the feedstuffs, seasonal and geo- 
graphic conditions, and the purposes 
for which the poultry or other ani- 
mals are to be fed. 

Therefore, to meet the individual re- 
quirements of every feed manufac- 
turer, Sterwin is supplying ‘“‘custom- 
blended”’ Feed Vitamin Concentrates 
with any desired combination of 
Riboflavin, Calcium Pantothenate, 
Niacin, Choline Chloride and other 
vitamins. 

Call theSterwin Technically-Trained 
Representative in your area today. 
Let him help you ‘‘custom-blend”’ 
your feeds with Sterwin Feed Vita- 
min Concentrates. Or write direct to: 


6 
Subsidiery of Sterling Drug Inc. 
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Birth of a “Miracle.” Tiny yeast cells fed in test 
tubes (above) bud, divide and multiply so rapidly, 
that their “families’”” must move into huge stainless 
steel vats in a matter of hours! When busily at 
work in your dough, a single pound of this vigorous 
yeast lifts 90 times its own weight! 


This is your 


Measuring the Miracle’s Work. Sample loaves are 
baked from each batch of yeast produced. Loaves 
must meet rigid standards . . . the “‘Miracle Ingredi- 
ent” must perform perfectly to pass. Above, loaves 
are being carefully tested for volume by displace- 
ment. Only the best by test are approved. 


Make it better...sell more of it 


with KLEISCHMANN’S 


‘ 4 


A new “miracle” going to work for you is Warner 
Bros.’ new documentary film, “Land of Every- 
day Miracles,” featuring Enriched Bread. Ask your 
Fleischmann man for the special merchandising 
plan that ties this Technicolor tribute to the Baking 
Industry to you. Another Fleischmann Service! 


“Another miracle ingredient for sales success is 
Fleischmann’s Service,”’ says this baker. “It helps 
me to bake better and sell more baked goods to more 
people!” Why don’t you start enjoying the benefits 
of Fleischmann’s more than 80 ma of service to 
bakers? Ask your Fleischmann man! 


YEAST Fermentation is our business 
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Announcing 


A. A. C. C. NATIONAL WORKSHOP 


on 


Flour Testing and Flour Specifications 


December II and 12, 1952 
Hotel Sheraton 
Chicago, Illinois 


* 


SESSIONS 


® Baking Test ® Malting (Enzymes) 
® Absorption and Mixing ® Oxidation 


Each session to be sparked by a keynote 
speaker and followed by small discussion 
groups to facilitate participation by everyone. 
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NOW...GREATER STABILITY 
THIAMINE FLOUR WITH 


— chemists have welcomed with 
enthusiasm the introduction of Thi- 
amine Mononitrate, now available inthe 
full line of Merck Vitamin Mixtures for 
Flour Enrichment. 

Thiamine Mononitrate is a more stable 
form of thiamine, assures a more com- 
plete retention of vitamin B, content in 
enriched flour—even under adverse con- 
ditions of temperature and humidity dur- 
ing shipping and storage. 

Leading cereal chemistry laboratories 
participated in the thorough investiga- 
tion of Thiamine Mononitrate in en- 
riched flour. Since then, extensive com- 
mercial experience and rigorous field 
tests have confirmed that Thiamine 
Mononitrate represents a signal im- 
provement in flour enrichment; that it 
offers a degree of protection hitherto 
not available. 


Each ounce contains 369 milligrams 
Thiamine Mononitrate 


4 NO CHANGE IN LABELING REQUIRED 
Thiamine Mononitrate meets 
every requirement for thiamine 
under the Federal Standards of 
Identity for enriched flour. No 
need for change in the labeling on 
bags or packages to comply with 
Federal requirements when you 
use these improved Merck Vita- 
v min Mixtures. 


Each ounce contains 738 milligrams 
Thiamine Mononitrate 


MERCK & CO., Inc. 
Menefactering Chemies 
JERSEY 


RAHWAY, NEW 


In Canada: MERCK & CO. Limited—Montrea) 
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Technical Facts about LARVACI DE for the Cereal Chemist 


(CHLORPICRIN) ™ 


WHAT IT [S—Larvacide (chlorpicrin), also known as tear gas, is a 
homogeneous liquid which, upon exposure to air, volatilizes rapidly. 


PHYSICAL CONSTANTS 


tb. Density . 1.66 at 20°C, 

344 Ibs. Freezing point...... —69°C. 

16 Ibs. Vapor pressure... ....18.2 mm. at 20°C. 
USES in ponies use in fumigation 


of grain warehouses, boxcars, cereals, rice, flour, feed, seeds, tobacco, cigars, 
soils, dried fruits, nuts, rugs, furniture and other products and articles subject 
to insect attack. It works without damage or after-effect. At low concen- 
trations it is also fatal to rats and mice. Gives safety tear gas warning! 


HOW IT IS SHIPPE ar paar is shipped in liquid form (not 
under pressure) in steel cylinders 25 to 180 lbs. net, and in 1 Ib. bottles, 
each in safety can, 12 to corrugated carton. 

New Aerosol Larvacide—A pplication by opening valve—easier airing. 


For complete information on Larvacide for control of profit-eating insects 
and rodents, kindly address your request to Dept. CC951. 


117 LIBERTY STREET * NEW YORK 6, N.Y. 


Laboratory Service 


The services of Monsanto’s Food 
Technology Laboratory are yours 
without cost or obligation, The 
laboratory, which investigates 
the application of chemicals in 
the food industry, is completely 
equipped for research in_leaven- 
ing and to assist manufacturers 
of prepared mixes. For informa- 
tion on this Monsanto service to 
the food industry, write MONSANTO 
CHEMICAL COMPANY, Phosphate 
Division, 1700 South Second St., 
St. Louis 4, Missouri. 


automatic doughnut machine at Monsanto's 
Food Technology Laboratory. 
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SARGENT 


N ENCYCLOPEDIA of scientific instruments, apparatus and chemicals— 
f \ nearly 1500 pages of comprehensive listings—for scientific men working 
in a professional capacity. 


The Sargent Centennial Anniversary Catalog is compiled in familiar alphabet- 
ical order by most commonly used names, Subject finding words are located at 
top of each page for rapid location of items. Cross references are used through- 
out—making reference to the catalog’s elaborate index usually unnecessary. 

The Sargent permanent catalog number system is perpetuated—with numbers 
in sequence with the alphabetical listing and’ fully identifying each item to 
insure ease and accuracy in ordering. Completely descriptive titles in bold-face 
type distinguish alternatives and similarities between listings. 

Accurate woodcut illustrations, printed on fine coated papers, assure users 
maximum detail. 

Sargent’s periodical, “Scientific Apparatus and Methods,” supplements the 
catalog, and contains information about new developments in laboratory instru- 
ments and apparatus. Both the magazine and catalog are now being distributed. 
Please let us hear from you. 


E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 1959 EAST JEFFERSON STREET, DETROIT 7, MICHIGAN 
SOUTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 9, TEXAS 


——-Attach Coupon to Your Company Letterhead, Please=—— — 


E. H. SARGENT & CO. 


4647 W. Foster Avenue, Chicago 30, Ill. Aft.: Catalog Department 


71 em am not now receiving your periodical, ‘Scientific 


Apporatus ond Methods.”’ 


SCIENTIFIC LABORATORY Postion or title a 


APPARATUS Firm or institution — - 


CHEMICALS 


Mailing address is 


| 
INSTRUMENTS Department or division 
| = 
1 laboratory specializes in the following field or fields 
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Victor Phosphates 
for Leavening 


earn gratifying expressions 
from satisfied customers 


It’s no overstatement that Victor is headquarters when it comes to 
special leavenings for manufacturers of prepared mixes, self-rising 
flours, and baking powders. That's simply the record. 

For instance . . . Victor’s V-90® is the only slow-acting monocalcium 
phosphate. It has greatly improved the baking performance of prepared 
mixes and self-rising flours and has stimulated an entire industry to 
an interesting sales growth. Victor V-90 is responsible also for the 
relatively new and rapid growth of the self-rising corn meal industry. 

Victor pioneered in the development of special phosphates for 
commercial doughnut mixes. Today, Victor's controlled rate of reaction 
sodium acid pyrophosphates are accepted as the standard in the 
manufacture of doughnut mixes. 

And again. . . in the baking industry, Victor's name has long been 
associated with leadership in leavening. Victor's Fine Tex, Victor 
Cream and V-90 are standards for cake production; Bake-Aid for the 
control of rope, and Regent® as the basic ingredient in yeast foods 
and bread improvers. 

Yes...Victor is headquarters for phosphates for leavening. Victor prod- 
ucts help food manufacturers develop happy, satisfied customers. Do 
you have a leavening problem? It will pay you to consult with Victor. 

Victor Chemical Works, 141 W. Jackson Blvd., Chicago 4, IIL. 
In the West: A. R. Maas Division, 4570 Ardine St., South Gate, Calif. 
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“It's The Little Things 
That Count!” 


Take Dusting Flour — not a big item 
when shop costs are considered, but 
something that.can be HIGHLY EX- 
PENSIVE if it hurts bread sales. 


When too much dusting flour is used 
at the make-up machines, cores and 
streaks show in the finished bread, 
ond bread sales suffer. 


Keep Dusting Flour at a minimum 

with doughs that are properly con- 

ditioned—doughs that are Dry, at the 
same time Pliable. Your shop | 
schedules will be better 
maintained and your Bread 
Quality will be improved. 
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when you use... 


THE DYOX PROCESS ® for flour maturing ... 
The fixed uniformity of DYOX treated flour is a definite 
advantage to the miller who strives to meet the baker’s 
demand for a starting product of constant value—which 
works in the bake shops with the least trouble and 
manipulation by the operator. DYOX treated flour 
assures overall dependability, uniformity of product, 


and ease of operation. 
“NOVADELOX”® for whiter, brighter flour... 


“Novadelox” is designed to meet the desire of the con- 
suming public for a bread that is truly white—and to 
enable millers to produce a uniform product of standard 


color. 

“N-RICHMENT-A’””® for uniform enriching... 
“N-Richment-A” provides a readily available, simple 
and troublefree product for enriching flour—with the 
assurance that the standard procedure of adding 


“N-RICHMENT-A” will produce a dependable 
standardized flour. 

THE N-A FLOUR SERVICE DIVISION with more than a 
quarter-century of experience... 

The N-A Flour Service Division with its skilled labora- 


tories and staff is always available to work with you or 
your consultants on all phases of maturing, bleaching 


and enriching. Why not phone your nearest N-A Repre- 


sentative today! 


NA-62 


WALLACE & TIERNAN COMPANY, INC., AGENTS FOR 


ADEL-AGENE 


BELLEVILLE 9, NEW JERSEY - Representatives in Principal Cities 


NO 


